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Abstract
Recently, the pedestrian environment has been recognized as an important factor for
sustainable urban development movements such as the New Urbanism (NU) movement
and Transit Oriented Development (TOD). Consequently, many pedestrian initiatives
have been implemented throughout the US while the necessity for measuring the existing
pedestrian environment has increased. Despite the increased attention to the pedestrian
environment, little effort has been made to evaluate its performance. Level of Service
(LOS) models have been developed and widely used, but these provide insufficient
information about the pedestrian environment of an area.
In this study, a grid-based GIS model proposed for measuring pedestrian
friendliness of an area is developed and applied to the City of Boston. The proposed
method uses already existing data to measure performance with respect to the condition
of pedestrian facilities and their attractiveness to walkers. Unlike other pedestrian
models, it evaluates the performance of street segments by considering not only the
characteristics of the immediate vicinity but also those of adjacent road segments within a
certain distance. The approach also avoids the problem of defining arbitrary spatial areas
and boundaries, which may generate a false sense of precision by arbitrarily dissecting
the urban pattern into zones. By distinguishing between ease of pedestrian movement
and abundance of desirable destinations, we are able to differentiate between the potential
for and reality of pedestrian friendliness.
The results for Boston indicate the relevance of quantifying multiple dimensions of
pedestrian friendliness. They also highlight the importance of land use context in
calibrating meaningful measures of accessibility and level of service. While much
sensitivity analysis and model tuning remains to be done, the prototype suggests that
these types of models can be useful in shaping local policy decisions and contributing to a
better understanding of pedestrian environments in the urban scale. This understanding
will aid planners in evaluating, designing, and implementing pedestrian-friendly projects
that enhance the sustainability of the urban environment.
Thesis Supervisor: Joseph Ferreira Jr.
Title: Professor of Urban Planning & Operations Research
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Chapter 1
Introduction
Recently, the sustainable development concept has been applied to a wide variety
of disciplines. Although the word "sustainability" is a complex concept that has multiple
definitions, many agree that environment, economy, and equity are three key factors to
achieve sustainable urban environment. During the 1990's, the concept of sustainability
gained popularity in the urban design field and many visionaries, such as Calthorpe,
Duany, and Cervero advocated sustainable urban development programs called the New
Urbanism (NU) movement, or Transit-Oriented Development (TOD). Despite the
different terms, the content of the underlying concepts is similar: create sustainable urban
environment through high-density, mixed-use, and pedestrian-friendly neighborhood
design. They believed that pedestrian-friendly, compact neighborhood design such as
that practiced during pre-World War II, would induce non-motorized travel like walking
and bicycling and eventually improve the environment, encourage social activities within
neighborhoods, and foster the sense of community (Cervero, 1996). Since pedestrian
friendliness is an important precondition for successful implementation of NU and TOD
(Ryan, 1995), much research has focused on pedestrian-related issues. However, most
pedestrian-related studies examine the effect of pedestrian-oriented built environment on
either travel behavior or on the sense of community.
Historically, compared to the level of research that has been done for motorized
transportation, there has been relatively little study and analysis of the factors that affect
the quality of the walking environment. Evaluating the performance of a roadway section
for the walking mode is far more complex in comparison to that of the motor vehicle
mode. Whereas operators of motor vehicles are largely insulated in their travel
environment and hence are influenced by relatively few factors, the pedestrian is
relatively unprotected and is subject to a host of environmental conditions. Recently, the
Pedestrian Level of Service (LOS) concept has been widely adopted, but pedestrian LOS
only captures the quality of pedestrian environment at the individual road segment level
and cannot represent the road condition of an area.
The purpose of this study, therefore, is to focus on and identify those factors within
the right-of-way that significantly influence the pedestrian's decision to walk. The
combination of these factors is combined into a GIS grid model with a test for reliability
and provides a measure of the average pedestrian-friendliness of an area within walking
distance of 400 meters. This measure evaluates the overall pedestrian environment of a
certain area rather than considering the quality of an individual road segment. If it turns
out that the proposed model captures overall pedestrian environment in a city, then it
could eventually help planners and community developers to understand the
characteristics of communities and to prioritize pedestrian improvement as an investment.
In the future, it could be integrated into regional travel demand estimation models to
forecast travel demand.
The research begins by reviewing previous work in the areas of New Urbanism and
Transit-Oriented Development and the meaning of pedestrian environment for sustainable
urban development. After that, conventional methods or models for measuring pedestrian
environment are also reviewed (Chapter 2). Based on the literature review, indicators of
pedestrian environment are proposed.
Next, research methodologies, including data preparation, land use analyses,
pedestrian environment analyses, and physical road condition analyses are discussed. In
addition, detailed data manipulation and data analyses are provided (Chapter 3).
Data analysis results and findings follow in Chapter 3. An analysis result of each
variable is first presented, then the evaluation of the result, and finally the combined
result is presented. The result of the conventional road segment level method is
compared for review (Chapter 4). The conclusion is an executive summary of this paper.
Lessons and implications of the findings of this paper are also discussed in Chapter 5,
including the limitations of the study and recommended areas for future research.
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Chapter 2
Related Literature: Urban Sustainability and Pedestrian Environment
In this Chapter, previous research on three main components of this study is
discussed: urban sustainability, pedestrian environment, and existing methods for
measuring pedestrian environment. It must be noted that the discussion here merely
outlines some of the debates and models that comprise a vast literature.
2.1 Pedestrian Environment and Sustainable Urban Development
Recently, the importance of the pedestrian environment for urban development has
been recognized by sustainable urban development movements such as the New
Urbanism (NU) movement or Transit-Oriented Development (TOD). New Urbanists
claim that a high-quality pedestrian-friendly environment induces more social interaction
among community members, engenders emotional bonding to a place among its
residents, and attracts more people to walk, eventually increasing a sense of community
(Duany, 1992; Calthorpe, 1993). To support their assertion, New Urbanists have
attempted to quantitatively or qualitatively measure the relationship between pedestrian
features and sense of community through conducting surveys, interviews, or observations
in NU communities.
Nasar's study (1997) is the first research that tests the central assumptions of NU
such as sense of community and less automobile dependency, through inquiring into
residents' perceptions of the walking environment and behaviors. Recently, Lund (2002)
conducted surveys in a pedestrian-oriented neighborhood and in an auto-oriented
neighborhood in Portland, Oregon. The result shows that residents in an NU style
15
neighborhood showed a higher sense of community than residents in a conventional
suburban neighborhood. More importantly, she found supporting evidence that when
controlling for demographic variables, pedestrian environment significantly influences
sense of community.
Although some scholars denied the New Urbanists' affirmation of direct
relationship between sense of community and the built environment of the community
(Audirac, 1999; Talen, 1999), and some blamed the NU movement-- pointing out that it
imposes a false image of community by ignoring tradition and context (Southworth,
1995)--all agree that pedestrian friendliness is one of the important factors that affect the
overall sense of community.
Another type of sustainable urban development movement, TOD, also recognizes a
pedestrian-friendly environment as a critical element for improving quality of life
(Carlthorpe, 1993). TOD, with its strong emphasis on public transit systems, embraces
many of NU's concepts of high-density, mixed-use, and pedestrian-friendly community
design and tries to increase urban sustainability by promoting the use of non-auto transit
modes such as public transportation, walking, and bicycling (Cervero, 1998).
Since building economically feasible transportation systems is the key component
of successful implementation of TOD, much research has focused on how to induce
people to take public transit systems and, obviously, on the pedestrian environment
around transit stations and its impact on travel behavior.
A considerable body of literature exists now on the impact of built environment on
travel behavior. Handy (1996) examined non-work travel in cities in the San Francisco
Bay area and suggested that the effects of neighborhood design are greater than the
effects of household characteristics when comparing time, frequency and variety of trip
destinations among traditional and suburban neighborhoods. A study done by Portland,
Oregon (1993), attempted to explain the pattern of vehicle miles traveled (VMT) and
number of trips, using household income, size, number of cars, number of workers,
pedestrian environment, auto access, and transit access. The result of this study also
shows that a more pedestrian-friendly environment and TOD reduce both car trip
frequency and overall auto travel. Much of this research, however, has focused on
commuter trips to large employment sites, and relatively little attention has been given to
non-work, local travel behavior (Cervero, 1989).
In his non-work trip study, Cervero (1996) concluded that residents who live in
more compact, mixed used, and pedestrian friendly neighborhoods average about a 10
percent higher share of non-work trips by walking, bicycling and transit modes than those
residing in a typical middle-class suburban neighborhoods. More importantly, he found
that commuter trips, generally longer and non-local trips, are more influenced by regional
development characteristics and travel times among competing modes than by physical
design improvement. Although some argue that physical neighborhood design has a
minor impact on travel behavior (Crane, 1998), it is detected that if there are alternative
transportation modes with adequate regional connectivity, a pedestrian-friendly
environment is likely to affect travel mode choices (Rodriguez, 2002).
2.2 Measuring Pedestrian Environment
Recognizing the importance of a pedestrian environment for urban sustainability,
the need for improved condition for pedestrians and bicyclists has received increased
attention in recent years in transportation planning. Throughout the United States, many
walkable or livable neighborhood initiatives have been established to encourage non-
motorized trips through improving walking and bicycle infrastructure. To improve
infrastructure, it is required to measure the performance of the existing pedestrian
environment in order to determine quality of opepercentagens, deficiencies, needs for
improvements and priority settings.
Despite the increased attention to pedestrian environment, however, no consensus
has been reached in which pedestrian features have statistically proven effects on
pedestrians (Cervero, 1994; Ewing et al, 1996; Crane and Crepeau, 1998). Evans et al.
(1997) proposed four variables--sidewalk width, roadway width, street amenities near
transit stops, and proximity to transit stops--to calculate the pedestrian-friendliness factor
of streets around public transit stations. Hsiao et al. (1997) also tried to capture the
pedestrian accessibility to bus transit stops y comparing demographics, land use, and
proximity to transit stops. Hess (1997) examined six suburban cities and six urban cities
matched in population density, land-use mix and household income and found that urban
neighborhoods average more than three times the number of pedestrians walking to retail
districts. Based on this result, he concluded that the differences between urban and
suburban walking patterns are the degree of pedestrian connectivity to destinations.
These attempts, despite some limitations, contribute to variables that affect travel and,
based on their findings, many attempts have been made to measure the performance of
roadway infrastructure.
The most common approach used to assess the transportation facilities is the
concept of Level of Service (LOS). Originally designed for motorized transportation,
pedestrian LOS measures the overall walking conditions on a route, path or facility
(Gallin, 2001), based on the relationship among pedestrian traffic flow, speed, and
density that are directly linked to pedestrian mobility, comfort, and safety (Sisiopiku,
2001). In the United States, the Highway Capacity Manual (HCM) has been widely used
for transportation analysis (TRB, 2000). However, despite its popularity, whether HCM
LOS addresses quality of service based on the users' perspectives is questionable. Recent
study shows that pedestrians choose their routes based on a number of other factors,
including safety, attractiveness, and distance rather than capacity of roads, which HCM
LOS considers only cursorily (McLoed, 2000).
To overcome the shortcomings of simple pedestrian LOS models, pedestrian
environment concepts were adopted to evaluate the performance of pedestrian facilities.
One of the first pedestrian environment studies was carried out in Finland by Kari Lautso
and Pentti Murole (1974). Their purpose was to study pedestrian perceptions about the
environment and how elements of the environment influence pedestrian assessment of
quality of service. This study suggested that traffic arrangement factors such as location
and adequacy of pedestrian crossing are the primary factors for improving pedestrian
walkability. Landis (2001) addressed pedestrian environment measure for Florida
arterials and proposed three general performance indicators: sidewalk capacity, quality
of the walking environment, and the pedestrian's perception of safety with respect to
motor vehicle traffic. Recently, Wetmore (2000) proposed comprehensive index groups
to assess pedestrian environment. These three groups and indicators in each group are (1)
walking along the street (Continuity, Capacity, Comfort), (2) crossing the street (Safety,
Comfort, and Convenience, Space, Delay, Deviation), (3) some place to walk to
(Sidewalk and Crossing system, Destinations). All pedestrian environment factors
proposed by other studies fall into the areas described above, but with different emphases.
Sarkar (1993) proposed a qualitative evaluation method to determine the pedestrian
LOS. The seven measures considered in her study are safety, security, comfort and
convenience, continuity, system coherence, and attractiveness. Because it is a qualitative
method, the standard for each performance is not easy to control. To overcome this
shortcoming, a point scale method was proposed by Khisty (1994), who continued to use
Sarkar's method, but instead of using qualitative evaluation, he qualified this to a five-
scale point to assess the pedestrian environment LOS. Dixon (1996) also developed a
point scale system for corridor evaluations on arterial and collector roadways in urban
and suburban areas. The results of point scale system, despite its usability, may not be
easy to interpret.
Mathematical modeling has also been proposed as a tool for evaluating the
performance of pedestrian facilities. Landis et al (2001) proposed a mathematical model
in research work that focused on the perceived safety or comfort with respect to the
presence of motor vehicle traffic. This model was designed to examine three factors--
sidewalk capacity, quality of the walking environment, and a pedestrian's perception of
safety--and evaluates roadside walking conditions regardless of the presence of a
sidewalk. Although this model provides a simple mathematical method for measuring
pedestrian environment, it has the limitation of not considering crossing information.
Furthermore, this model, unlike HCM LOS, is a "one size fits all" model and may not be
applicable to roadways other than the roadways for which this model was originally
designed.
In summary, pedestrian friendliness has been recognized as an important element
for a better urban environment. To improve pedestrian infrastructure, evaluating the
existing condition is necessary. However, relatively less efforts has been given to
measure pedestrian friendliness. Level of Service is the most common concept
measuring pedestrian environment, and several LOS measures have been developed.
Other types of models, such as mathematical and qualitative models, have been
introduced. All of them, however, have their shortcomings.
Highway Capacity Manual LOS only considers sidewalk capacity, which is but a
minor factor for pedestrians in deciding their route. Other pedestrian LOS models
combined pedestrian environment factors with roadway capacity for better evaluation of
pedestrian environment. However, they do not consider land use patterns in their models
and only provide site-specific models that may not be suitable for other places.
The mathematical model also has a critical limitation of not including crossing and
destination factors in the calculation. Arbitrary point scale and extensive data collecting
and survey efforts are other problems of conducting disaggregated pedestrian LOS
models. However, among many problems, the most important and critical limitation of
conventional methods is that they treat each road segment as an independent entity
without considering the relationship among other road segments surrounding them. All
results are confined to individual road segments between intersections. Because of this
limitation, conventional LOS methods cannot provide a full picture of pedestrian
environment of places.
2.3 Factors Affecting the Measure of Pedestrian Friendliness
Pedestrian-friendliness implies how an area is safe, suitable, and enjoyable for
walking and street activities. Pedestrian-friendly areas could be defined as places where
goods such as housing and retail, and services, such as transportation and schools that a
community resident needs on a regular basis are located within an easy and safe walking
distance. A pedestrian-friendly street needs land use along it that provides for daily
shopping, access to public transportation, places where pedestrians can wait and easily
cross the street, and sufficient sidewalk width. Pedestrian safety is also critical. The
safer pedestrians feel on the street, the more they will use it. Being safe means not being
free from actual danger but from the perception of danger. If traffic volumes and speeds
are intimidating to pedestrians, they will not feel comfortable using the street
(Untermann, 1991).
As mentioned in the previous section, no consensus has been reached on which
factors affect a pedestrian's decision to walk. However, all agree that two main factors--
functionality and desirability--should be provided for creating pedestrian-friendly
communities. The first factor represents the conditions of pedestrian infrastructure that
affect safety, suitability, and capacity for walking, and the second factor is related to
destinations where people would go and their accessibility to those destinations. In
addition to these two factors, many argue that a human scale design factor such as
building setbacks, porches, and well-designed streetscapes could be important factors for
pedestrian-friendly communities. An aesthetic design factor, however, is excluded from
this study because of its questionable impact on pedestrians' decisions to walk
(Southworth, 1995). A recent study shows that aesthetic appeal of a place may be a
limiting factor in influencing pedestrian activities, and urban infrastructure and individual
lifestyle choices have much to do with drawing people to a particular urban location
(Issacs, 2000).
A number of potential variables of functionality and desirability factors were
identified, and eight were selected: land-use diversity, proximity, connectivity, terrain for
desirability, sidewalk width, roadway width, street segment length, and traffic volume for
street functionality. Each of the selected elements was considered important for
characterizing desirability to pedestrians. From this point, then, the term "pedestrian
potential measure" is used for desirability measures and "physical road condition
measure" for a functionality measure.
2.3.1 Pedestrian Potential Measure
Many studies show that people are more likely to walk in areas where there are
many local attractions near each other, where the street network is well connected, and
where there are diverse land use types (Cervero, 1996). Based on previous studies, four
pedestrian environment factors were derived: land use diversity, proximity, connectivity,
and terrain.
(1) Land use diversity
Land use diversity measures how many different pedestrian-attracting destinations
exist within a walkable distance. Thirty land use types from Massachusetts State Land
Use Classification were selected as pedestrian-inducing destinations, and 400 meters,
approximately a quarter of a mile, was determined a comfortable walkable distance
(Aultman-Hall, 1997). Unlike with the proximity measure, which used network distance
from origin to destination, direct distance was used in land use diversity calculations for
simplicity.
(2) Proximity
Proximity to trip destination is the single most influential factor considered when
people choose whether to walk. Three destination points--neighborhood centers, schools,
and parks--were selected, and route distance from each cell to the nearest destination was
calculated. Proximity measure to public transit stations was not chosen in this analysis
due to a lack of information.
(3) Connectivity
The total number of local intersections within a 400-meter radius around a location
was selected to capture street connectivity and continuity characteristics. More
intersections means more places where cars must stop and pedestrians can cross. Also,
frequent cross streets may create more direct routes. A study shows that this variable is
moderately correlated with the choice of whether to walk (Kim, 1994).
(4) Terrain
According to recent research, the presence of sloping terrain decreases the
attractiveness of walking (Rodriguez, 2002).
2.3.2 Physical Road Condition Measure
Four variables were selected to capture the physical condition of road segments that
may influence people's travel mode choices: sidewalk width, roadway width, length of
street segment, and traffic volume.
(1) Sidewalk width
Sidewalk width evaluates the capacity of a sidewalk in terms of walking space
availability to the pedestrian. Just as streets are scaled to vehicular traffic volumes,
sidewalks should be scaled to pedestrian traffic volumes.
(2) Roadway width, traffic volume
Roadway width and traffic volume are closely related to pedestrian safety. Wide
roadways and high-volume traffic may discourage pedestrians from walking. Although it
has not been established as a stand-alone performance measure (Landis, 1996), it
certainly is an important factor for people in deciding whether to walk.
(3) Street segment length
To encourage walking, short block lengths are recommended. If a block grows to
more than 800 feet, adjacent blocks become isolated, a factor that discourages walking
(Ewing, 1996). However, this may not be a perfect variable because short blocks with a
dead end or cul-de-sac also lack connectivity (Portland, 1998).
2.4 Summary
From reviewing previous works, two main factors that affect pedestrians' decisions
to walk and eight variables for measuring these two factors were indicated. These factors
and variables are pedestrian potential (Diversity, Proximity, Connectivity, and
Topography), and physical road condition (Sidewalk width, Roadway width, Traffic
volume, and Road segment length). Limitations of currently used methods for measuring
pedestrian environment are also recognized. Figure 2.1 shows the relationship between
pedestrian friendliness and two factors that are used for this study. Based on these
findings, a grid-based GIS model is proposed for measuring pedestrian friendliness. The
proposed method is applied to the City of Boston, and the result is visualized to show
spatial disparity in the pedestrian environment in that city.
What is unique is that unlike other models, in this model pedestrian environment is
measured through evaluating each road segment in conjunction with other road segments
surrounding it while considering the characteristics of places where roads are located.
Through this method, the generic problem of quantifying urban environment caused by
dissecting the urban pattern into zones with arbitrary boundaries would be eliminated,
and the result provides an intra-urban level evaluation of urban pattern or form.
Land use Characteristics
Physical Road Condition Pedestrian Potential
Sidewalk Diversity
Roadway Proximity
Traffic Volume Connectivity
Segment Length Topography
Pedestrian Friendliness
Figure 2.1 Identifying Pedestrian Friendly Areas
Chapter 3
Research Design and Methodology
Having outlined the motivation and the theoretical background for this study
previously, this Chapter describes the study area, research data, and methodology used to
explore research questions raised in Chapter 1.
3.1 A description of study area
Boston is the capital of Massachusetts and the major center of economic and
cultural life for all of New England. It is the hub of a metropolitan region which extends
into neighboring states, and the center of regional transportation systems. Boston is also
a city of neighborhoods characterized by the intermixing of distinct residential areas with
commercial, and recreational activities. Sixteen neighborhoods that are included in this
study are: 1) Allston/Brighton, 2) Back Bay/Beacon Hill, 3) Charlestown, 4) North
Dorchester, 5) South Dorchester, 6) Central, 7) East Boston, 8) Fenway, 9) Jamaica Plain,
10) Mattapan, 11) North End, 12) Roslindale, 13) Roxbury, 14) South Boston, 15) South
End, and 16) West Roxbury. Central neighborhood includes three small neighborhoods -
North End/West End, Downtown/Water Front, and Chinatown, - and Harbor Island
neighborhood was excluded in this study due to its geographical separation from main
land and small number of residents. Some socioeconomic characteristics of these
neighborhoods are compared with each other in Table 3.1 and some of characteristics are
mapped in Figure 3.1 (a), (b), (c), and (d).
Table 3.1 Socio-demographic data of 16 neighborhoods in Boston
Race and Ethnicity Property Type
ONN
Eo a * Ifl. -0 0- z
Allston/Brighton 69,648 15,829 $21,937 20.1%O/ 19.4%/ 69.0% 4.0% 9.0%/ 14.0% < 1.0% 1.0% 3.0% 68.3% 31.7%
Back Bay/Beacon Hill 27,8791,30',977 $6*96 11.6%O/ 20.1% 85.0%!/ 3.0% 4.0% 6.0% < 1.0% < 1.0% 2.0% 23.5% 76.5%
Central 24,125 18,558. $43,022 16.8% 6.7% 70.0% 4.0%. 4.0% 21.0% < 1.0% < 1.0%, 1.0% 9.40/ 90.6%
Charlestown 15,195 10,854 $38,963 12.7% 10.0% 79.0% 4.0% 12.0% 5.0% < 1.0% < 1.0% 1.0% 63.9%/ 36.1%
Dorchester 90,862 14,895 $17,014 16.8% 11.0% 32.0% 36.0% 12.0% 11.0% < 1.0% 4.0% 5.0% 6 0. 0%/ 40.0%
East Boston 38,413 8,173 $15,1671 18.9% 14.0% 50.0% 3.0% Wee 4.0%/ < 1.0% 1.0% 3.0% 45.1% 54.9%
Fenway/Kenmore 36,831 30,693 $14,908 35.7 % 18.9% 69.0% 6.0% 7. 0%/ 14.0% < 1.0% 1.0%/ 3.0% 6.7% 93. 3%
Hyde Park 31,717 7,208 $19,280 7.2% 22.6% 43.0% 39.0%1 13.0% 1.0% < 1.0% < 1.0%/ 3.0% 92.2% 7.8%
Jamaica Plain 36,299 11,343 $23,992 19.2%1 33.9% 5 0. 0%/ 17.0% 23.00% 7.0% < 1.0% < 1.0% 3.0% 56.0% 44.0 %
Mattapan 37,313 13,326 $14,918 24.2% 16.7% 4.0% 77.0% 13.0% 1.0% < 1.0% 1.0%/ 4.0% 73.9% 26.1%
Roslin dale 34,564 9,342 $20,6311 11 .0% $36.8% 5 6. 0%/ 16.0%/ 20.0%/ 4.0% < 1.0% < 1.0%/ 3.0% 82.4% 17.6%
Roxbury 58,725 15,058 $13,175 29.4% 23.0% 5.0% 6.% 24.0% 1.0% <1.0% 3.0% 4.0% 46.7% 53.3%
South Boston 29,938 9,657 $24,2411 17.3% 8.6%/ 85.0 2.0% 7.0% 4.0% < 1.0% < 1.0% 1.0% 52.6%/ 47.4%
South End 28,239 28,239 $35,982 23.5% 6.7%/ 45.0% 23.0% 17.0% 12.0% < 1.0% < 1.0% 2.0% 18.3%O/ 81.7%
West Roxbur 28,7531 5,325 $27,968 4.9% 34.1% 84.0% 6.0% 5.0% 4.0% < 1.0% < 1.0%/ 2.0%97% 3.0%
Boston 588,501F 12,403, $23,353. 16.7%1 20.7% 50.0%1 24.0% 14.0%1 8.0% < 1.0% 1.% 3.0%/ 63.7% 63
Highest Lowest
Source: Neighborhood Profiles Report, Department of Neighborhood Development (2002)
Commercial Trends Boston, 1" Half 2002 Issue 6, Department of Neighborhood Development (2002)
Source: Commercial Trends Boston, 1" Half 2002 Issue 6,
Department of Neighborhood Development (2002)
Figure 3.1(a) Population Density (No. of People/SQ mile) Figure 3. 1(b) Per Capita Income
Source: Neighborhood Profiles Report,
Department of Neighborhood Development (2002)
Source: Boston Transportation Fact Book and Neighborhood Profiles,
1" Edition, Boston Transportation Department (2002)
Figure 3.1(c) Percentage of Single/Double Housing Units Figure 3. 1(d) Percentage of Household with Automobile
Boston is known as a walkable city. Its public transit system, the oldest in the
United States, has been in operation for more than one hundred years. As greater Boston
grew, so did its transit system. Hence, many communities have compact development
patterns with transit stations at their core. According to the Boston Transportation Fact
Book, 57 percent of Boston's population and 79 percent of its job lies within an
approximately 10 minutes walk of a rapid transit or commute rail station. The City of
Boston is one of six Boston MPO communities with walk shares over ten percent:
Cambridge (25%), Wenham (17%), Boston (14%), Wellesley (12%), Brookline (12%).
Despite a tradition of walking, however, some parts of the city suffer from poor
pedestrian systems. Figure 3.2 (a), (b), (c), and (d) display transportation mode share
patterns of 16 Boston neighborhoods, and Figure 3.3(a) and Figure 3.3(b) shows Boston's
public transit system and roadway infrastructure (City of Boston, 2002).
3.2 Data Preparation
Data were obtained either from the Massachusetts Geographic Information System
(MassGIS) or from the MIT Computer Resources Laboratories (CRL) database. Except
for the parcel data from the Boston Assessing Department and the building footprint data
from the Boston Water and Sewer Commission (BWSC), all data were maintained and
distributed to the public by the state for free.
(1) Road data
2001 Massachusetts Highway Department (MHD) Roads vector data from
MassGIS were used. This data layer represents linework from the USGS 1:100,000 Road
Source: Boston Transportation Fact Book and Neighborhood Profiles,
14 Edition, Boston Transportation Department (2002)
Source: Boston Transportation Fact Book and Neighborhood Profiles,
1" Edition, Boston Transportation Department (2002)
Figure 3.2(b) Auto Mode Share (% of Trips within Neighborhood)Figure 3.2(a) Auto Mode Share (% of All Trips)
Source: Boston Transportation Fact Book and Neighborhood Profiles,
I Edition, Boston Transportation Department (2002)
Source: Boston Transportation Fact Book and Neighborhood Profiles,
1" Edition, Boston Transportation Department (2002)
Figure 3.2(d) Walking Mode Share (% of Trips within Neighborhood)Figure 3.2(c) Walking Mode Share (% of All Trips)
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on Fact Book and Neighborhood Profiles, 1 Edition, City of Boston (2002)
Figure 3.3(a) Roadway Infrastructure in Boston
Figure 3.3(b) Transit Infrastructure in Boston
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Digital Line Graphs (DLGs) with additional linework from the MHD. It contains five
classes of roads: limited access highway (e.g., Interstate highway), highway without
limited access, other numbered highways not included in the previous two categories,
major road collectors that connect numbered routes, and minor streets or roads
(MassGIS).
To cover the entire Boston area, data for seven quad tiles were downloaded from
MassGIS. The seven quad tiles are Lexington (114), Newton (115), Norwood (116),
Boston north (125), Boston south (126), Bluehills (127), and Lynn (137). Seven shape
files were combined into one shape file, and the road segments within the Boston
boundary were extracted.
(2) Road inventory data
MHD road data was paired with the road inventory database that stores detailed
information about each road segment, such as average annual daily traffic, functional
class of road, sidewalk width, roadway width, terrain, and length of street segment. The
MHD road data for Boston and the road inventory database were joined using CSN code,
a unique identification code for any road segment within the entire state
(3) Land use data
The Boston land parcel shape file for fiscal year 1997, originally prepared by the
Boston Assessing Department, was obtained from the CRL database for land use
analysis. Assessing tabular data for fiscal year 1997 were selected from CRL Oracle
database and joined with parcel shape file. The assessing database was joined because it
has the three-digit Massachusetts State Land use Classification that I used for land use
analysis. State Land Use Classification was used because it provides detailed parcel-level
information about land use in Boston. The commonly used MassGIS land use data layer
provides 37 aggregated land use classification codes interpreted from 1:25,000 aerial
photography and is too sparse to perform parcel-based land use analyses.
(4) School data
The location data of public and private schools from preschool to high school were
downloaded from MassGIS for a proximity measure. The school data layer includes
1,903 public and 642 private schools, preschools through high school, in Massachusetts.
Originally this data layer was prepared by Massachusetts Department of Environmental
Protection's (DEP) GIS program based on information provided by the Massachusetts
Department of Education (DOE). From the school data layer, 71 private and 142 public
schools for all age groups in Boston were selected. These selected schools were divided
into two groups: under elementary schools, and middle to high schools. Some arbitrary
schools were categorized based on the lowest and highest grades they offered. Other
locational data, required for proximity analysis such as location of parks and activity
centers, were generated using land use and road data.
(5) Building footprint
Building footprint data for the city of Boston was also obtained from theCRL
database. This data layer was originally produced by Boston Water and Sewer
Commission for their 1996 planimetric and topographic database. Building footprint
polygon data assists in understanding the development pattern of study area.
(6) Miscellaneous data layers
In addition to the above data layers, several miscellaneous data layers were
prepared or downloaded from either the MassGIS or the CRL database: Boston boundary,
Boston 16 neighborhood boundaries, and orthophoto images of Boston.
3.3. Spatial Analyses
In this study, a grid-based spatial analyses model was developed for measuring
Boston's pedestrian environment. Parcel polygons and road centerlines were converted
into grid data with GIS software. To minimize spatial distortion from the original data,
grid cells were set at 10 x 10 meters, smaller than most parcels. For consistency, 10 x 10
meter grid cells were also used for road data.
The model consists of two sub-models: a land-use model and a pedestrian model.
Based on Massachusetts State Land Use Classification, the land-use model divided the
study area into six groups: 1) high-density residential; 2) medium-density residential; 3)
low-density residential; 4) commercial and industrial center; 5) mixed use; and 6) public.
The land-use model was used to analyze land use diversity and different areas' potential
to become pedestrian friendly. Two indices were used for measuring pedestrian
friendliness: pedestrian potential and physical road condition. Pedestrian potential
measured features, which could not be easily improved or changed quickly, other than the
physical road condition, whereas road condition represented how suitable the road was
for walking. The results of each index were combined to calculate the pedestrian
friendliness of the study area.
ArcMap8.1 - ArcInfo was mainly used for data manipulation and spatial analysis.
Oracle database and MS Access were partly used for handling tabular data. Digital
orthophoto images were brought through Arcview 3.2, MIT ortho-server extension.
3.3.1 Land Use Analyses
As explained in the previous section, land use characteristics are important factors
in determining travel behavior. Therefore, quantifying land use characteristics is an
important precondition to building a model that can better explore the pedestrian
environment.
Land use analysis consists of three parts: land use pattern analysis, land use
diversity analysis, and activity center analysis. Land use pattern analysis examined the
proportion of residential, industrial, commercial, and public areas then divided the study
area into six land use zones. A pedestrian friendliness analysis was then run on each
zone. The results of the land use diversity analysis and the activity center analysis were
used to evaluate pedestrian potential. Figure 3.4 shows detailed working process.
(1) Land use pattern
Massachusetts Land Use Classification was used for land use analyses. This three-
digit, parcel-based code range from 000 to 999 provides more detailed information for the
usage of places than the commonly used 37 land use classification codes derived from the
photo-interpretation of 1:25,000 land-cover aerial photography. The entire land use
classification code and definition is in Table A-I in the Appendix.
Boston Parcel Raster Number of Land Cells
Number of Proportion of
Residential Cells Residential Cells
Number of Proportion of
Commercial/Industrial Commercial/Industrial
Cells Cells
Number of Proportion of
Public Cells Public Cells
Number of Multi- Proportion of Multi-
Housing Cells Housing Cells
A Generalize
-yConvert to Shape file -0 Merge Polygons with
same Land Use
Land Use Pattern
Shape File
Figure 3.4 Land Use Analysis
To analyze the land use pattern of the study area, fiscal year 2000 tax and
assessment data and Boston land parcel polygon data from the Boston Assessing
Department were joined. According to 2000 parcel data from the Boston Assessing
Department, 165 different land use types exist in Boston, which were aggregated into five
groups: residentiall, residential 2, residential 3, commercial/industrial, and public. Table
3.2 shows five land use groups and brief description of each group.
One problem with this process was how to treat unclear tax-exempt properties.
More than 8% (7,400 out of 99,000) of the parcels were "other exempt building" or
"condo main (no value)." "Public" land use value was assigned to the cells with a land
classification code of "other exempt buildings" or "condo main." Inclusion of these
parcels in land use analysis may bias the result by adding too many "public" parcels.
Table 3.2 Land Use Group
Land Use Group Description
Residential 1 Single and Double Unit Housing
Residential 2 Multi Family Housing (More than three unit housing)
Residential 3 Commercial/residential mixed use
Commercial/Industrial Commercial properties and Industrial properties
Public Leisure facilities, Hospitals, Schools, Government owned properties
Once land use values were assigned to all parcels, the parcel polygon was rasterized
into 10 x 10 meter grid cells. As previously mentioned, the 10-meter grid cell was
chosen to minimize spatial distortion while considering computational efficiency. As a
result of rasterization, one of five different land use group was tagged with each cell. For
each land use group, the number of cells with the same land use group within a 400-meter
radius around the center cell was calculated and a new value was assigned to each cell*.
Besides, the Boston land grid layer was generated to calculate the percentage of each land
After the calculation, each cell of each grid layer contains the No. of cells in the vicinity of the cell.
- Each cell of residential 1 grid layer contains the No. of residential 1 cells within a 400 m radius of the cell
- Each cell of residential 2 grid layer contains the No. of residential 2 cells within a 400 m radius of the cell
- Each cell of residential 3 grid layer contains the No. of residential 3 cells within a 400 m radius of the cell
- Each cell of commercial/industrial grid layer contains the No. of commercial/industrial cells within 400 m
- Each cell of public grid layer contains the No. of public cells within a 400 m radius of the cell
- Each cell of land grid layer contains the No. of cells within a 400 m radius of the cell
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use to the land area of Boston by rasterizing Boston to 10 meter/side grid and assigning
each cell the number of cells within a 400-meter radius of the cell.
As a result of above process, six grid layers, one layer for each of five land use
groups plus Boston land grid layer, were generated and were used for calculating the land
use composition of Boston. These six grid layers were recomputed by cell-by-cell
calculation to generate the land use proportion layers: percentage of residential areas,
multi-housing areas, commercial/industrial areas, and public areas *. The residential area,
then, was sub-divided into three groups: low-density residential, medium-density
residential, and high-density residential based on the proportion of multi-housing units--
assuming that more multi-housing units means higher density. The value in each cell
represents the percentage of each land use type in the vicinity, rather than the specific
value present within the cell location. Based on the land use composition, a new 10
meter/side grid layer was created with one of six land use zone codes in each cell: high-
density residential, medium-density residential, low-density residential, commercial and
industrial, public space, and mixed use. Figure 3.5 shows thresholds for six land use
zones.
(2) Land use diversity
Land use diversity measures the number of different destinations within a walkable
distance. From assessing data, 30 pedestrian-inducing destinations, such as retail shops,
schools, and restaurants, were selected, and the diversity of land use types using grid
* Land use proportion layers
- Residential area proportion layer = (Sum of residential 1, 2, 3 layers) / Land grid layer
- Commercial/industrial are proportion layer = Commercial/industrial grid layer / Land grid layer
- Public area proportion layer = Public grid layer / Land grid layer
- Multi-housing area proportion layer = Residential 2 grid layer / (Sum of residential 1, 2, 3 grid layers)
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method similar to land use pattern analyses were measured. First, Boston was rasterized
into 10 meter/side grid cells. We selected parcels with the 30 selected land use types
showed in the Table 3.3, and then created a point layer by extracting center points from
selected parcels. X-tools ArcGIS extension from ESRI was used to extract centroids of
the parcel polygon.
- High : High density residential area Yes
- Medium : Medium density residential area
- Low: Low density residential area multiP<10
- Com : Commercial and Industrial area
- Mixed : Mixed used area_(Residential and Commercial Mix) No
- Pub : Public area_(Including Tax Exempt areas)
- resP = 100*(No. of residential cells/No. land cells)
- comP = 100*(No. of commercial and industrial cells/No. of land cells)
- pubP = 100*(No. of public cells/No. of land cells)
- multiP = 100* (No. of multi-housing cells/No. of residential cells)
*No. of cells represents the No. of cells within 400 meter radius around each cell
Figure 3.5 Land use pattern recognition flow chart
The point layer was overlaid with the Boston grid layer and assigned the number of
different land use types within a 400-meter radius from each cell. Then the mean cell
values within a 400-meter radius from each cell were calculated.
Table 3.3 Pedestrian Attracting Land Use
ST CLASS LU37 ST CLASS description LU37 description
303 C Private city club Commercial
319 C Strip center/Stores Commercial
320 C Retail/WHSL/Service Commercial
321 C Discount store Commercial
322 C Department store Commercial
323 C Shopping center Commercial
324 C Super market Commercial
325 C Retail store detached Commercial
326 C Restaurant/Service Commercial
327 C Restaurant/Lounge Commercial
328 C Fast food restaurant Commercial
329 C Bar/Tavern/Pub Commercial
353 C Social club Commercial
361 C Night club Commercial
362 C Movie theater Commercial
364 C Stage theater Commercial
365 C Auditorium/Sports center Commercial
368 C Fair ground/Park Commercial
370 C Bowling alley Commercial
371 C Arena: Ice skating Commercial
372 C Arena: Roller skating Commercial
373 C Swimming pool Commercial
374 C Health spa/Club Commercial
375 C Tennis/Racquet club Commercial
376 C Gym/Athletic center Commercial
377 C Recreational building Commercial
380 C Golf course Commercial
381 C Tennis court Commercial
384 C Boat house/Marina Commercial
F 984 E jPublic beach Tax Exempt
*STCLASS : Massachusetts state land use classification code
*LU37: 37 Land use classification from Massachusetts Geographic Information Systems
(3) Activity center
The purpose of this task was to assess the quality of places, similar to Lynch's
(1976) search for the "sense" of a region. Neighborhood activity centers are places where
people go for social activities. Such a center may offer dining options, retail shops, or
recreational opportunities. The process used to identify these activity centers was similar
to that used to calculate land use diversity. The main difference was that the activity
center identification process did not consider diversity but tried to identify the locations
where places that are most attractive to pedestrians are clustered.
To identify activity centers, parcels with thirty pedestrian-attracting land use types,
the land use types used for land use diversity measure, were chosen. The center points of
selected parcels were extracted, and overlaid with Boston grid layer. The Boston grid
layer was, then, partitioned by a 100 meter radius block, and the number of center points
within each block was calculated to identify places where pedestrian- attracting
destinations were concentrated. With a threshold of 5 - 5 pedestrian destination points
within 40,000 square meters (0.015 square mile) block --, several clusters were identified.
Identified clusters were converted to a polygon shaped file and overlaid with a street
intersection point layer, which was generated from the road polyline. Intersections that
fell within the cluster polygons were selected and saved as a new point theme and used as
the location of activity centers when measuring proximity to activity centers.
The problem with this process is that the result may be biased in favor of places that
consist of many small parcels, because the calculation only considers the number of
center points regardless of lot size. Computing the percentage of areas of selected parcels
may be one alternative, but then the result may be skewed toward large parcels by
counting a parcel with single land use type multiple times (i.e., a supermarket on a large
lot). After comparing the two methods, the center point method was chosen for
identifying clusters. We will return to this issue in Chapter 4.
3.3.2 Pedestrian Friendliness Analyses
Pedestrian friendliness was measured using two indices: pedestrian potential and
physical road condition. Pedestrian potential indicated non-road condition factors
promoting non-motorized travel, such as proximity, land use diversity, connectivity, and
terrain. Physical condition measured physical road condition, such as sidewalk width,
roadway width, length of road segment, and traffic volume. Figure 3.6 displays
pedestrian potential analysis process and figure 3.7 shows road condition analysis
process.
(1) Pedestrian potential
- Land use diversity
Land use diversity index was calculated within the land use analysis. Table 3.4
shows the point scale for land use diversity.
Table 3.4 Land Use Diversity Point Scale
No.of different Land Use Points
<= 4 1 Point
4 <_<= 8 2 Points
8 <<=12 3 Points
12 <<=16 4 Points
> 16 5 Points
No Data 0 Point
* Maximum average diversity = 19
.-Join - - W Geo-reference-* Process
Figure 3.6 Pedestrian Potential Analysis*
. Join - - 1 Geo-reference* Process
Figure 3.7 Physical Road Condition Analysis*
Pedestrian potential index and physical road condition index were calculated for each 1 Ometer by 1 Ometer cell
- Proximity
Proximity is an indicator of how accessible, with regard to walking, a neighborhood
is to its residents. Residents may desire to walk to local destinations, such as schools and
public transit stops, presuming these services are available in the neighborhood. Various
factors influence an individual's decision to walk, such as availability of a local
destination, age, and travel length. Among these factors, travel length is the most
common reason for not walking (Aultman-Hall et al., 1997).
In this study, proximity to three destinations--school, park, and neighborhood
activity center--were calculated. Among these three destinations, school locations were
obtained from MassGIS. The locations of neighborhood activity centers were generated
analyzing the clusters of particular land use types. The locations of parks also were
generated using parcel data and road data. First, 100-meter buffers were created from
each park polygons and selected intersections within buffer zones. Intersection point
layers were prepared by extracting nodes from the road layer. Set the selected points as
location of parks, assuming that intersections around parks provide same accessibility to
pedestrians.
Before computing distance to selected destinations, a "travel cost layer" was
created. The cost raster is an input data layer to run a cost-weighted distance function
using ArcGIS spatial analysis, and it identifies the cost of traveling through each cell in
the grid. In this analysis, distance is considered as the only factor that affects pedestrians'
choice to walk and a value of 1 is assigned for cost of the traveling through each cell.
The MHD road polyline layer was rasterized into 10 meter/side grid cells and used as a
cost raster. To generate realistic results, non-walkable road segments (e.g., access-
controlled highway, roads without sidewalk) were excluded before rasterization. Table
3.5 shows the point scale for the proximity measure.
- Proximity to destinations (schools, parks, and activity centers)
1) Overlaid destination points with cost raster.
2) Using a distance function, calculated cost weighted distance from each cell to
nearest destinations.
3) Calculated the average cost-weighted distance within 400-meter radius and
assign the value to each cell.
4) Based on proximity point scale, assigned score in each cell.
Table 3.5 Proximity Point Scale
Distance School Activity
(meter) Elementary Middle/high Park Center
<= 200 5 Points 5 Points 5 Points 5 Points
200 <<= 400 4 Points 5 Points 5 Points 5 Points
400 <<= 600 3 Points 4 Points 4 Points 4 Points
600 <<= 800 2 Points 3 Points 3 Points 3 Points
800 <<=1000 1 Point 2 Points 2 Points 2 Points
> 1000 1 Point 1 Point 1 Point 1 Point
No data 0 Point 0 Point 0 Point 0 Point
- Connectivity and continuity
This measure was intended to capture street connectivity and continuity characteristics,
represented by the total number of local intersections within a walkable distance of
400meter radius circle area.
1) Extracted intersection points from MHD road data.
2) If either end of road segment was a dangle-node, exclude the intersection point
from the pool. This step excludes intersections that do not provide any connectivity
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or continuity.
3) To compute neighborhood statistics, rasterize the points to 10 meter/side grid
layer. If the cell was an intersection, it was assigned value '1'. Otherwise, assigned
'0'.
4) Counted the number of intersection cells within a 400-meter radius from each
cell, then assigned the calculated value to each cell.
5) Calculated the average number of intersections within a 400-meter radius and
assign the value to each cell.
6) Based on connectivity point scale showed in Table 3.6, assigned a score in each
cell.
It was anticipated that some intersections might be excluded from the calculation if
several points were located closely and converted into one cell. However, the result
showed that 6,811 intersection grid cells were generated out of 6,836 intersection points--
only 25 intersection points (0.3 percent) lost during data conversion.
Table 3.6 Connectivity & Continuity Point Scale
No.of Intersections Low-density Medium-density High-density
<= 30 1 Point 1 Point 1 Point
30 <<= 40 2 Point 1 Point 1 Point
40 <<= 50 3 Points 2 Points 1 Point
50 <<= 60 4 Points 3 Points 2 Points
60 <<= 70 5 Points 4 Points 3 Points
70 <<= 80 5 Points 5 Points 4 Points
> 80 5 Points 5 Points 5 Points
No data 0 Point 0 Point 0 Point
- Terrain
1) Rasterized the MHD road into 10 meters by 10-meter cells.
2) Assigned a score in each cell based on terrain: level, rolling, and mountainous.
3) Calculated mean score within a 400-meter radius using neighborhood statistics
and assigned the score to each cell.
4) Assigned a score in each cell based on terrain point scale showed in Table 3.7.
In performing terrain measure, the terrain information of the MHD inventory
database was used. The MHD terrain data only identifies topography as three types:
level, rolling, and mountainous, which may be too coarse to examine the walkability of
an area. According to the terrain analysis result, more detailed data should be used to
effectively incorporate topographic factors into the model. However, due to technical
difficulties in recording the slope of information and lack of slope standard for pedestrian
infrastructure, MHD terrain data were used in this study.
The biggest problem of recording slope information is that unlike other factors,
direction matters in slope measure. For example, a positive slope from one direction is a
negative direction from the opposite direction, and a positive slope may be a barrier for
pedestrians while a negative slope may not. The slope change ratio may be used to
account for this, but it also raises technical questions of how to measure and record slope
change information into a grid layer.
Table 3.7 Terrain Point Scale
Condition Points
Mountainous 1 Point
Rolling 2 Point
Level 3 Points
No data 0 Point
- Pedestrian potential
Pedestrian potential score was calculated combining the scores of four pedestrian
potential factors. Based on the total score, pedestrian potential score, from A (best) to E
(worst) was assigned to each cell. Table 3.8 displays the pedestrian potential point scale.
The point scale used here was defined subjectively without any theoretical evaluation and
therefore, only provides relative pedestrian conditions of the study area.
Table 3.8 Pedestrian Potential Point Scale
Condition Standard Score
Very good (A) >= 85 % >= 27.2
Good (B) >= 60 % >= 19.2
Modest (C) >= 45 % >= 14.4
Poor (D) >= 30 % >= 9.6
Very Poor (E) <30 % < 9.6
* Maximum points: 33 points
(2) Physical road condition
Physical road condition is a measure of the walking condition on a route. Road
condition is directly linked to factors that affect pedestrian mobility, comfort, and safety.
Indicators used in other studies include: sidewalk width, surface quality, obstructions,
support facilities, and crossing opportunities (Gallin, 2001). Other indicators, such as
block length, roadway width, and street parking, can also be added to the measure of
physical condition. Four indicators--sidewalk width, roadway width, traffic volume, and
road segment length--were chosen to measure pedestrian friendliness in the study area.
This method is unique in that unlike other road quality or road performance
measures, it captured the characteristics of an area in accordance with land use
characteristics rather than merely capturing the quality of an individual road segment
according to a fixed standard. To achieve this goal, a raster analysis method and various
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grid functions from ArcGIS and Arcinfo were used. Different scaling systems were also
applied in accordance with density of areas when physical road condition was measured.
Three density levels were applied: high-density, medium-density, and low- density.
Mixed-used areas, commercial and industrial areas, and high-density areas were
classified as high-density zones, and public and low-density areas were classified as low-
density zones. The scoring system was designed to apply higher standards to dense areas
under the assumption that high-density areas require more infrastructure capacity than do
less dense areas. The main references were the residential street design manual prepared
by the Congress for the New Urbanism, the American Society of Civil Engineering, the
Portland (OR) Pedestrian Master Plan, and the Anchorage (AK) Pedestrian Master Plan.
- Sidewalk width
1) Calculated total sidewalk width by adding sidewalk width of both sides of a road
segment.
2) Rasterized MHD road data into 10 meter/side grid cells. Total sidewalk width
(feet) was tagged with each cell.
3) Calculated the average sidewalk width within 400-meter radius circle from each
cell and assigned the average value to each cell.
4) Divided cells into nine groups based on sidewalk width.
5) A value ranging from zero to five was assigned to each cell.
Sidewalk width measures the capacity of walking spaces to pedestrians. Since this
method use road centerline data, combined width of left and right sidewalk width were
used for evaluating sidewalk capacity.
Table 3.9 Sidewalk Width Point Scale
Sidewalk Width* (feet) Low-density Medium-density High-density
<= 4 1 Point 1 Point 1 Point
4 <<= 6 2 Points 1 Point 1 Point
6 <<= 8 3 Points 2 Points 1 Point
8 <<= 10 4 Points 3 Points 2 Points
10 <<= 12 5 Points 4 Points 2 Points
12 <<= 14 5 Points 5 Points 3 Points
14 <<= 16 5 Points 5 Points 4 Points
> 16 5 Points 5 Points 5 Points
No data 0 Point 0 Point 0 Point
* Side walk Width = Right sidewalk width + left sidewalk width
- Roadway width
1) If the road is divided, add roadway width of both sides of road segment and
calculate total roadway width.
2) Rasterized MHD road data into 10 meter/side grid cells. Total roadway width
(feet) was tagged with each cell.
3) Calculated the average roadway width within a 400-meter radius circle from
each cell and assigned the average value to each cell.
4) Categorized cells into eight groups based on sidewalk width.
5) A value ranging from zero to five was assigned to each cell.
Table 3.10 Roadway Width Point Scale
Roadway Width (feet) Low-density Medium-density High-density
> 70 1 Point 1 Point 1 Point
60 <<= 70 1 Point 1 Point 2 Points
50 < <= 60 1 Point 2 Points 3 Points
40 <<= 50 2 Points 3 Points 4 Points
30 < <= 40 3 Points 4 Points 5 Points
20 <<= 30 4 Points 5 Points 5 Points
<= 20 5 Points 5 Points 5 Points
No data 0 Point 0 Point 0 Point
- Traffic volume
1) Rasterized MHD road data into 10 meter/side grid cells. Average Annual Daily
Trip (AADT) was tagged with each cell.
2) Calculated the average traffic volume within a 400-meter radius circle from each
cell and assigned the average value to each cell.
3) Categorized cells into eight groups based on traffic volume.
4) A value ranging from zero to five was assigned to each cell.
Table 3.11 Traffic Volume Point Scale
AADT* Low-density Medium-density High-density
> 25000 1 Point 1 Point 1 Point
20000 <<= 25000 1 Point 1 Point 2 Points
15000 <<= 20000 1 Point 2 Points 3 Points
10000 <<= 15000 2 Points 3 Points 4 Points
5000 <<= 10000 3 Points 4 Points 5 Points
2500 <<= 5000 4 Points 5 Points 5 Points
<= 2500 5 Points 5 Points 5 Points
No data 0 Point 0 Point 0 Point
* AADT: Annual Average Daily Trip
- Road segment length
1) Consolidated adjacent polylines with identical end points between existing
network-graph nodes (dangles and real nodes) to get rid of useless separation of
polylines.
2) Calculated the length of consolidated road segments.
3) Rasterized the MHD road layer into 1 Ometer/side grid cells. The length of road
segment (length of road between intersections) is assigned to each cell.
4) Computed average length of road segment within a 400-meter radius from each
cell.
5) Categorized cells into eight groups based on road segment length.
6) A value ranging from zero to five was assigned to each cell.
Table 3.12 Road Segment Length Point Scale
Length (meter) Low-density Medium-density High-density
> 350 1 Point 1 Point 1 Point
300 <<= 350 1 Point 1 Point 2 Points
250 < <= 300 1 Point 2 Points 3 Points
200 <<= 250 2 Points 3 Points 4 Points
150 <<= 200 3 Points 4 Points 5 Points
100 <<= 150 4 Points 5 Points 5 Points
<= 100 5 Points 5 Points 5 Points
No data 0 Point 0 Point 0 Point
*100 m = 330 ft, 250 m = 820 ft, 300 m = 1000 ft
- Physical road condition
Physical road condition score was calculated combining the scores of four physical
road condition factors. Based on the total score, Physical road condition score, from A
(best) to E (worst) was assigned to each cell. Table 3.13 shows the physical road
condition point scale.
Table 3.13 Physical Road Condition Point Scale
Condition Standard Score
Very good (A) >= 85 % >= 17
Good (B) >= 60 % >= 12
Modest (C) >= 45 % >= 9
Poor (D) >= 30 % >= 6
Very Poor (E) <30% < 6
* Maximum points: 20 points (Four factors, maximum 5 points each)
3.4 Identify Pedestrian Friendly Area
Pedestrian friendliness was calculated combining two indices: pedestrian potential
and physical condition. A combined value was assigned to each cell based on a cell by
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cell calculation. Figure 3.9 is a pedestrian friendliness matrix and shows 25 possible
pedestrian friendliness scores. As indicated in the matrix, "55" was assigned to a cell
when it had "A" in physical condition and "A" in pedestrian potential. If a cell had the
lowest score (E) in both pedestrian potential and physical condition, "11" was assigned.
Cells with lowest physical condition (E) and highest pedestrian potential (A) were
recognized as the "most beneficial" areas where maximum benefit could be obtained
through road improvement projects.
Easy to
Improve I
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EHard to E
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)
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Need Need
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Figure 3.8 Pedestrian Friendliness Matrix
Chapter 4
Results and Discussion
In this Chapter, we discuss the results of the proposed pedestrian environment
evaluation method from Chapter 3. Three components of the pedestrian environment --
land use patterns, physical road conditions, and pedestrian potential, -- are examined
independently. Then the results are combined to form conclusions about the overall
pedestrian system in Boston.
4.1 Land Use Patterns
As mentioned in Chapter 3, analyzing land use characteristics is a prerequisite to the
examination of pedestrian environments. As a result the land use pattern of Boston was
categorized into six groups: Low-density residential, medium-density residential, high-
density residential, commercial and industrial, mixed, and public. A threshold of 50
percent of the 400-meter radius neighborhood was used to distinguish each category.
For example, the residential category represents an area where 50 percent of the land area
is comprised of residential units or residential land. Commercial/industrial and public
were categorized in the same manner. Once categorized as residential, the percentages of
multi-housing units and single and double housing units were used to calculate the
density of the region. Table 4.1 summarizes the land use pattern of Boston; Figure 4.1
shows the spatial land use pattern.
According to this analysis, 48 percent of Boston is categorized as residential, and
31 percent of that residential area is low-density. The land use pattern map (Figure 4.1)
clearly shows that the southern part of Boston is mostly residential and public, while the
northern part of Boston is mainly mixed. Five neighborhoods in the north -- Back Bay,
Charlestown, Central, East Boston, South Boston -- are predominantly high-density
mixed areas; six neighborhoods are in the middle -- Jamaica Plain, Roxbury, North and
South Dorchester, Roslindale, and Mattapan -- are dense residential areas. Two
neighborhoods in the south -- West Roxbury and Hyde Park -- are mostly low-density
residential areas. In two neighborhoods --Allston and South End-- residential, mixed, and
public areas are evenly distributed. Most parts of the Fenway neighborhood are public.
Land use pattern analysis was particularly important in this study because different
pedestrian friendliness scoring systems were applied to different zones grouped by
density. For the sake of simplicity, mixed, high-density, and commercial areas were all
treated as high-density areas.
Table 4.1 Land Use Pattern in Boston
Land Use Type Area (Acre) Proportion (%)
Public 9630 31%
Medium-density residential 7983 26%
Mixed 6268 20%
Low-density residential 4555 15%
High-density residential 2207 7%
Commercial/Industrial 127 < 1%
4.2 Pedestrian Potential
Pedestrian potential measures the strength of environmental factors that favor
walking. The city of Boston was rasterized into 10meter/side cells; each cell is tagged
with an index value based on four environmental factors: Land use diversity, proximity,
connectivity, and terrain.
Land Use Category
Mixed
Public
Commercial/Industrial
Low-density residential
Medium-density residential
High-density residential
Figure 4.1 Land Use Pattern in Boston
(1) Land use diversity
Land use diversity, as shown in Figure 4.2(a), indicates the number of different
destinations within a walking distance. Destinations were defined as places where people
would go for social activities and 30 land use types were selected as shown in Table 3.3.
As expected, the northern part of Boston shows higher diversity than the southern part of
the city. Especially, the areas of Central, South Boston, and East Boston show high
diversity, while Jamaica Plain, West Roxbury, and Hyde Park show lower diversity.
While Boston main street districts are not directly related to this study, comparing
the results of the land use analysis and the location of main street areas supports the
validity of this study. The Boston Main Street program is an economic development
initiative at the national level that promotes economic revitalization of commercial
districts in rather small local communities. Currently, twenty-one (21) main street
districts exist throughout Boston; these districts were chosen as local town centers where
many social activities occur.
To evaluate the result of diversity measure, main-street polygons were extracted
from the Boston parcel layer; the polygons were overlaid with the land use diversity grid
layer created from the land use diversity measure. Figure 4.2(b) shows the relationship
between land use diversity and the location of main street districts. The analysis clearly
shows that most of the highly diverse areas are located on or near Boston's main street
districts.
Although it is unclear whether the Boston main street districts function as local
centers as they were planned to do, this result provides strong evidence that the land use
diversity measure captures a reliable result in terms of identifying places where many
Figure 4.2(a) Land Use Diversity Figure 4.2(b) Land Use Diversity and Boston Main Street Areas
activities occur. At the same time, the result indicates that some main-street districts
provide fewer services compared to others. For example, Hyde/Jackson, Mission Hill,
and West Roxbury districts have averaged only 8 to 12 different services, while most
others provide 12 to 19 different services.
(2) Proximity
Proximity to destinations is one of the most important factors for a pedestrian's
decision to walk. According to Rodriguez (2002), among all pedestrian factors, only
proximity has a statistically significant effect on pedestrian route choice. In this paper,
three destination points, schools, parks, and social activity centers were selected and
examined for proximity. The locations of activity centers were generated from land use
analyses that considered clusters of places that attract foot traffic. The locations were
based solely upon the number of properties in which social interaction might occur and
not upon diversity. However, many activity centers appeared to be located in areas with
multiple destinations.
- Location of activity centers
As briefly mentioned in Chapter 3, activity center recognition process only
considers the center points of selected parcels, regardless of their size; therefore, the
result may be biased toward places that consist of many small-sized parcels. Using the
percentage of areas with selected land use types may be an alternative method to identify
activity centers, but that method may also produce a biased result toward large sized
parcels. Figure 4.2(c) shows the relationship between locations of activity centers
identified by both methods and the main street districts. This map clearly illustrates that
more activity centers were identified in the northern part of the city where the average lot
size is small when center point of parcels method was used, and more activity centers
were identified in the southern part of city where average lot size is larger when the
percentage of areas method was used for recognizing activity centers.
From using the two methods - center point method and percentage of area method
- the center point method produced more reliable results, considering the study condition
that activity centers should be pedestrian-oriented places where many social activities
occur while providing easy access by walking. Many locations identified by the
percentage of areas are large retail shops that may not be suitable for a walking trip
because they are situated in more auto-oriented locations that are accessible by high
volume, wide width streets. Furthermore, a total of one hundred ninety (190) activity
centers were identified by the center point method. One hundred fifteen (115) out of the
one hundred ninety were located within Boston main street areas. The area method
identified one hundred (100) activity center locations, but only twenty-four out of that
hundred were located within main-street district.
Figure 4.2 (d) shows the relationship between Boston main street districts and the
location of social activity centers. The map shows that most activity centers fall within
main-street districts except activity centers in Back Bay/Beacon Hill where no main street
district has been implemented. No activity centers were identified in Hyde/Jackson and
the Mission Hill districts. According to land use diversity analysis and activity center
analysis, these two districts show lower standards with regard to service quantity and
diversity. If quantity and diversity are indicators of economic performance of
Figure 4.2(c) Locations of Activity Centers Figure identified by
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commercial districts, we could conclude that these two inner city commercial districts
need more effort to vitalize their economic activities.
- Proximity to activity centers
Proximity to the nearest shopping or socializing places is another key element for
measuring pedestrian potential. A total of one hundred (190) intersections were selected
as activity center locations and proximity to nearest intersections was calculated and
mapped in Figure 4.3(a). As examined in the above section, many places attractive to
pedestrians are located in the northern part of the city, such as Back Bay/Beacon Hill,
Central, and South Ends. Again, the longer walking distances in the low-density
residential areas in the southern part of Boston make this part of the city less amenable to
walking, shopping, or eating out.
- Proximity to Schools
The locations of two hundred six (206) elementary, middle, and high schools were
obtained, and the route distance from origin to the nearest school was calculated to
measure proximity. The average distance to the nearest elementary schools is shown in
Figure 4.3(b). Fifty-one percent of the schools are located in low- and medium-density
residential areas, while 34 percent of the schools are in high-density areas. According to
the result, schools in medium- to high-density areas are more accessible than schools in
low-density residential areas, such as West Roxbury, Roslindale, and Hyde Park. With
the exception of some places where large parks are located, all places in Boston are
within one kilometer (3,200 feet) of route distance from schools. Schools of different
- Average Route Distance to Nearest Activity Centers - Proximity Score to Activity Centers
Figure 4.3(a) Proximity to Activity Centers
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levels are situated close to each other, and proximity measures for kindergarten and
elementary schools and for middle and high schools generated identical results as shown
in Figure 4.3(c). However, due to the higher weight placed on kindergarten and
elementary school proximity, the proximity scores are different from those of middle and
high schools.
- Proximity to Parks
Similar to the school case, the result of proximity measure to the nearest park
showed that parks are well distributed throughout the city, and all places in Boston are
within one kilometer (3,200 feet) of route distance from parks. However, as shown in
Figure 4.3(d), some neighborhoods, such as Jamaica Plain, Mattapan, North Dorchester,
and West Roxbury clearly offer fewer opportunities to walk to parks, although the
majority of these neighborhoods are considered residential.
- Overall proximity
Figure 4.3(e) shows the overall proximity score for the City of Boston. As we can
see, due to the even distribution of parks and schools, Boston has good pedestrian
potential with respect to proximity with a slightly higher proximity score in the northern
part of the city. The important limitation of the proximity measure was that it only
looked at walk-alone trips. Multi-modal trips (e.g., walking to use public transportation)
were excluded from the analysis due to the absence of bus stop information. If multi-
modal trips were considered, the overall proximity scores of some neighborhoods, such
as West Roxbury and Jamaica Plain may be much higher.
- Average Route Distance to Nearest Middle/High Schools - Proximity Score to Middle/High Schools
Figure 4.3(c) Proximity to Middle/High Schools
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73
(3) Connectivity
The connectivity measure simply calculated the average number of intersections
within areas that covered a 400-meter radius from each cell. The resulting map (Figure
4.4(a), Figure 4.4(b)) shows a clear pattern of connectivity with more intersections in the
central business district, Charlestown, and East Boston, and lower numbers of
intersections in Roslindale, West Roxbury, Mattapan, and Hyde Park. As a result, places
with higher number of intersections were categorized as pedestrian friendlier than the
places with fewer intersections.
One important drawback of this measure shown in the result maps is that areas with
higher number of intersections were given higher pedestrian friendliness points under the
simple assumption that more intersections provide more crossing opportunities to
pedestrians, hence places with more intersections are pedestrian friendlier than places
with fewer intersections. However, an intersection may be a barrier to pedestrians,
especially for disabled and elderly people if the intersection amenities such as disabled
access and crossing signals are poorly implemented.
More importantly, the result of this measure may be seriously biased by interpreting
the locations of intersections as the crossing locations instead of using actual road
crossing locations. Because not all intersections provide crossing opportunities, this
measure over-estimated the connectivity of roads with many intersections but with fewer
crossing opportunities, while underestimating roads with fewer intersections but with
many crossing opportunities. Therefore, road crossing information should be
incorporated into the measure for better understanding of the connectivity of an area.
Figure 4.4(a) Number of Intersections Figure 4.4(b) Connectivity Score
(4) Terrain
In this analysis, terrain information from the Massachusetts Highway Department
road inventory was used to determine the terrain in the study areas. The result mapped in
Figure 4.5(a) and (b) shows that few significant level changes occur in Boston.
Therefore, the impact of including information about terrain on our pedestrian potential
analysis model is insignificant in all but a few hilly part of town. For a more reliable
result, more detailed topographic data should be used instead of using MHD data.
(5) Pedestrian Potential
The points assigned to each cell for each category were added, resulting in a
pedestrian potential index value that ranged from A as highest to E as lowest. Index A
was assigned to cells with more than 85 percent of maximum points (33 points). An
Index value of E was assigned to cells with less than 30 percent of maximum points. The
most influential factor among four pedestrian potential factors for determining the
pedestrian potential is proximity. As we can see in the methodology section (Chapter 3),
proximity to three destinations - activity centers, schools, and parks - were examined and
the points for each destination were embedded into the results. As a result, more than 60
percent of total score was composed by proximity factor.
Emphasizing proximity for measuring pedestrian potential is acceptable since
pedestrian potential measure evaluated how attractive areas to pedestrians and travel
length is the most common reason for not walking (Aultman-Hall et al., 1997). Figure
4.6 shows a map of the pedestrian potential index values for the City of Boston. The
highest score achieved by any cell was 31 out of 33 possible points. The result map
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shows that Boston generally has good pedestrian potential with respect to four
environmental factors: Destination, proximity, connectivity, and topography. From this
result, we can conclude that Boston in general is a good environment for promoting
walking travel.
4.3 Physical Road Condition
Physical road condition measures consist of four variables: Sidewalk width,
roadway width, traffic volume, and road segment length. These variables are directly
related to the capacity, safety, and continuity of pedestrian road systems. Each variable
captures the conditions of individual road segments and the average value within a 400-
meter radius circle from point of origin. Then the result of each variables were summed
to calculated physical road condition index.
(1) Sidewalk Width
The sidewalk is the space for pedestrian travel, and the presence of a negotiable
sidewalk is essential for walking trips. Sidewalk width was obtained by adding up left
and right sidewalk width. The average sidewalk width within a 400-meter radius area
was calculated and mapped in Figure 4.7 (a). Since different scoring systems are applied
to areas with different density, the score map and actual sidewalk map show different
patterns. Despite a narrower average sidewalk width, the four neighborhoods in low-
density residential areas earned higher scores, while Charlestown, Allston, and South
Boston received fewer points despite relatively wider sidewalks. Figure 4.7 (b) shows the
sidewalk index value.
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(2) Roadway Width
Roadway width is closely related to pedestrian safety. Wider roadways discourage
people from crossing, and generate heavier automobile traffic. The threshold for
roadway width assumed 10 to 12 feet for a standard lane width. Figure 4.8 (a) shows
roadway width conditions in Boston. Similar to sidewalk width, different scoring
systems were applied to areas with different densities. In the case of roadway width, the
northern part of the town with high-density mixed use areas got higher points, although
that region has wider roadways, compared to those of low- and medium-density
residential areas. Figure 4.8 (b) shows the scores.
(3) Traffic Volume
Traffic volume determines the ease of street crossing, combined with roadway
width, and traffic speed. However, traffic speed was excluded from this analysis because
no data was available. Moreover, most traffic volume data was collected in certain spots
and projected for other road segments, the data does not represent all instances of high
volume. The other critical limitation is that pedestrian crash data was not available and
was therefore excluded from the analysis.
As expected, the result maps show that the areas near major roads got lower traffic
scores (e.g., Back Bay/Beacon Hill near the Beacon Street, West Roxbury near the VWF
Parkway, Allston/Brighton near the Commonwealth Avenue). Figure 4.9 (a) shows
average daily traffic (ADT) in Boston and Figure 4.9 (b) shows the scores assigned to
each cell based on ADT. The threshold for traffic volume was adopted from the Portland
Pedestrian Master Plan (1998).
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(4) Length of Road Segment
Road segments are defined to be the faces of blocks from intersections to
intersections and the length of road segment represents the connectivity of the road
network. It may not be the perfect approximation of connectivity because although long
blocks generally lack connectivity, the reverse is not necessarily true. According to
Ewing (1996), a block length of 300 feet (91 m) is required for a high degree of
walkability. He also indicated that if the road segment grows to 800 ft (243 m) or longer,
the adjacent block is isolated. The threshold used in evaluating road segment length was
based on Ewing's 300ft and 800 ft recommendation. The results are shown in Figure 4.10
(a) and Figure 4.10 (b).
(5) Physical Road Condition Index
Like the pedestrian potential index, the physical condition index was calculated by
adding up scores of four physical condition factors. The map of physical condition (4.11)
shows a spatial pattern, similar to the pattern of pedestrian potential: High scores in the
northern part of the city and lower scores in Roslindale, Hyde Park, West Roxbury, and
South Dorchester. Notable exceptions were the Back Bay and Beacon Hill areas, both of
which have higher potential scores, but lower scores in physical conditions. These lower
scores were due to wide roadways with heavy traffic volume. Such areas, characterized
by low physical condition and high pedestrian potential, may be the places where
pedestrian improvement projects can generate maximum benefits. Because improving
pedestrian road conditions would be much easier than improving pedestrian environment.
Figure 4.10(a) Length of Road Segment Figure 4.10(b) Road Segment Score
Figure 4.11 Physical Road Condition
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A notable feature is that, as mentioned in Chapter 3, when measuring physical road
condition, different scoring systems were applied in accordance with density of areas
where roads were located in order to evaluate and compare the pedestrian conditions on a
city scale rather than to perform site-specific evaluation.
Figure 4.12(a), 4.12 (b), 4.12 (c), and 4.12 (d) show different results of each four
variables without considering density factor and Figure 4.12(e) displays overall physical
road condition score and calculated without considering the density factor. Since point
scale for high-density was applied to the entire Boston for visualizing the effect of
density factor consideration on the result, the same results were generated for high-
density areas in both cases. On the contrary, scores for medium to low-density areas
were different depending upon variables: the scores of sidewalk were raised and the
scores of other three variables were lowered when density factor was considered.
Since the scoring system was designed subjectively without any theoretical consideration,
the result may not be realistic nor reliable. However, this model does provide a
systematic tool for measuring pedestrian infrastructure of a wide range of areas while
considering the characteristics of each place.
4.4 Pedestrian Friendliness
Pedestrian friendliness is calculated by combining pedestrian potential and physical
condition scores. There are 25 available scores from a low of 11 to a high of 55. Figure
4.13 shows pedestrian friendliness in the city of Boston.
Analyses recognized highly pedestrian-friendly areas, highly pedestrian unfriendly areas,
and pedestrian-unfriendly areas with potential for improvement. Surprisingly, however,
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Figure 4.13 Pedestrian Friendliness in Boston
no cell was found to have the highest potential score and lowest physical condition score.
This result may be explained by the fact that the areas with very high potential, have
already, for the most part, been developed with a view to the pedestrian environment.
Another interesting result was that many areas adjacent to large open spaces and areas
with high-potential scores were selected as 'high priority' areas where investment may
easily improve the appeal of the region to pedestrians. This outcome may be unrealistic,
since many of those areas are located in open space and may not be available for
development.
To evaluate the result, three sample areas - a pedestrian friendly area, an unfriendly
area, and areas in the middle -- were selected from each density zone. No worst-case
scenario occurs in a high-density area; no best-case scenario was found in a low-density
area. Each sample has approximately a 400-square meter dimension and street pattern,
block size, and the number of intersections were compared. Orthophoto images of each
sample area were overlaid with a street polygon for better visualization.
- Pedestrian Friendly Areas
Figure 4.14(a) shows the street pattern and buildings of a pedestrian friendly area around
Prince Street and Salem Street in Central neighborhood. As we can see from the picture,
the chosen area contains all basic components of pedestrian friendly neighborhoods: High
density, mixed used community with dense street network with narrow width, and diverse
destinations within a walking distance.
Another pedestrian friendly area was chosen from the medium density residential
area around Blue Street and Julian Street in North Dorchester (Figure 4.14(b)). Similar to
the pedestrian friendly areas in high-density zones, this sample area contains many
pedestrian friendly features, such as dense street network, short block length, high
connectivity, and destinations, although the degree of compactness and density is lower
than that of the high-density sample area.
A low-density residential area in West Roxbury on La Grange Street was also
recognized as a pedestrian friendly area. Figure 4.14(c) clearly shows that the gridiron
street pattern of the sample area, which is considered a pedestrian friendly street network
system, provided high connectivity and short block length. However, compared to high
and medium density areas, the sample area shows a much lower level of compactness.
From these three samples, we can see that the proposed model successfully
evaluates pedestrian friendliness with respect to density, connectivity, and capacity of
road infrastructure. Another salient result is that in this model, pedestrian friendliness is
understood based on the context of places; therefore, areas in a low-density zone with
lower pedestrian friendliness score under the standard for high density zone, was
recognized as a pedestrian friendly area.
- Pedestrian Unfriendly Areas
Samples of pedestrian unfriendly areas have typical features of pedestrian
unfriendly areas: Fewer access points, wide street with high volume traffic, and large
block size. The first sample site shown in Figure 4.15(a) is the best example of
automobile oriented, pedestrian unfriendly areas. The area is surrounded by access-
controlled roads with high-speed and high traffic volume, the Massachusetts Turnpike,
and Soldiers' Field Road. Any pedestrian access point is rare, and there is no place to
access by walking.
A medium density residential area in Back Bay, together with Beacon Street, as
shown in Figure 4.15 (b) is another example of pedestrian unfriendly areas. Although the
selected area is situated in historic residential areas with many destinations within a
walking distance, the pedestrian environment was classified as unfriendly, mainly due to
wide streets with high traffic volume. This result reveals some of the weaknesses of a
simple linear model that the proposed model uses. For example, in the proposed model,
pedestrian friendliness is obtained by simply summing up scores of each variable without
considering sensitivity or combined effect of those variables. Therefore, in this sample
area, pedestrian friendly factors, such as diversity and proximity, were offset by
pedestrian unfriendly factors, such as roadway width and block length; an additional
pedestrian unfriendly factor, traffic volume, decided the friendliness of the area.
The third sample area shown in Figure 4.15(c) is also a typical pedestrian unfriendly
area. It is situated in a low-density residential zone in Jamaica Plain. With only five
access points in six large blocks in a 400 by 400 meter area, the area represents the
conventional, auto-oriented, sub-urban style residential community. The validation
results confirmed that the proposed method, despite its limitations, captured the
characteristics of pedestrian environment of Boston
- Places with High Potential and Low Physical Condition
Pedestrian friendly areas and unfriendly areas are two extreme cases, and most
places are categorized in the middle of these two extreme cases. Several samples were
selected from each density zone and review in this section. Figure 4.16(a) shows the first
sample area that was categorized as high-potential/low-condition area, which means that
the area has high pedestrian potential scores, but low physical road condition scores. The
sample area is situated in the Fenway/Kenmore neighborhood, surrounded by wide streets
- the Massachusetts Turnpike and Commonwealth Avenue-and, therefore, got a low
physical condition score. The pedestrian potential scores, however, are relatively high,
due to many restaurants, retail shops, and commercial-residential, mixed use buildings.
The opposite cases, low potential/high condition, were also categorized into "in
between" group. Figure 4.16(b) shows a low-condition/high-potential case. The sample
area is located in the low-density residential area in West Roxbury. It has many
pedestrian friendly features, such as a narrow and dense street network with many access
points and small block size. This place would be identified as a pedestrian friendly area
if physical road condition features were considered. Despite high quality road
infrastructure, this place was not viewed as a pedestrian friendly area due to a lack of
walking destinations.
This study has shown thus far the pedestrian friendliness of the City of Boston, as
analyzed by the grid based GIS model. The result shows that the proposed method seems
to capture realistic spatial patterns of pedestrian environment of the study area. However,
the result does not mean that the proposed method accurately portrayed or evaluated the
general pedestrian environment of Boston. The contribution of this attempt is that this
model provides a systematic way to consider multiple variables that significantly affect
the pedestrian environment, with respect to the characteristics of places and visualization
of the spatial pattern or form of the perceived result. More detailed and reliable score
scale systems should be created and provided for practical application of this method.
Figure 4.14(a) Pedestrian Friendly Area (High Density Mixed Used Zone)
Figure 4.14(b) Pedestrian Friendly Area (Medium Density Residential Zone)
Figure 4.14(c) Pedestrian Friendly Area (Low Density Residential Zone)
Figure 4.15(a) Pedestrian Unfriendly Area (High Density Mixed Used Zone)
Figure 4.15(b) Pedestrian Unfriendly Area (Medium Density Residential Zone)
Figure 4.15(c) Pedestrian Unfriendly Area (Low Density Residential Zone)
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Figure 4.16(a) Area with High Potential and Low Condition Score (High Density Mixed Used Zone)
Figure 4.16(b) Area with High Condition and Low Potential Score (Medium Density Residential Zone)
4.5 Comparison with Conventional Pedestrian LOS model
Comparing the results of the proposed method to the results from conventional
pedestrian environment measuring model is another useful way to evaluate the validity of
the proposed method. The Pedestrian Level of Service model, proposed by Bruce Landis
for metropolitan areas of Florida, was used as a comparison. This method was chosen for
several reasons. First it is a typical road segment level pedestrian LOS model, which
evaluates the performance of each road segment (road between intersections) without
considering the relationship with other road segments surrounding them. Secondly, it is a
mathematical model and can be easily applicable to the Boston area. Third, pedestrian
environment factors, such as diversity and proximity, and land use characteristics, such as
density, are not considered in this model, which are included in our model.
- Pedestrian Level of Service Model
Pedestrian LOS model was proposed by Bruce Landis (et el. 2000) in research work
that focused on the perceived safety of comfort with respect to the presence of motor
vehicle traffic for Pensacola metropolitan area in Florida. Based on the 95 percent level
of statistical significance of the coefficients, the model was developed as shown below.
PedLOS = -1.2121n(Wo0 + Wi+ f, x %OSP + fb x Wb+ fswxWs) + 0.2531n(Volis/L) +
0.0005SPD 2+ 5.3876
Where:
Wei = Width of outside lane (feet)
Wi= Width of shoulder or bike lane (feet)
fp= On-street parking effect coefficient (=0.20)
%OSP = Percentage of segment with on-street parking
fb= Buffer area barrier coefficient
Wb = Buffer width (distance between edge of pavement and sidewalk, feet)
fsw= Sidewalk presence coefficient = 6-0.3W,
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W, = Width of sidewalk (feet)
Vol15 = Average traffic during a fifteen minute period
L = Total number of (through) lanes
SPD = Average running speed of motor vehicle traffic (mi/ht)
Due to lack of data, '0' value was assigned to on-street parking and buffer variables,
and Volis value was calculated using AADT. Figure 4.17 displays the result of
pedestrian LOS calculation.
- Pedestrian LOS model and pedestrian friendliness
Since it is hard to compare the entire Boston area, two sample areas were selected
and examined to see the differences between the two methods. One high-density area in
Back Bay/Beacon Hill, and one low-density area in Jamaica Plain were selected as
samples. As we can see in Figure 4.18(a) and (b), the Pedestrian LOS result for Back
Bay/Beacon Hill displays the performance of each road segment, but hardly delivers a
spatial pattern of an area. On the contrary, our method generated pedestrian friendliness
of an area relative to other areas surrounding it and clearly delivers the spatial pattern of
an area. However, our model cannot inform on any segment level data, which may be
needed for micro level neighborhood planning practice.
From the result of the Jamaica Plain sample, shown in Figure 4.18(c) and (d), we
can find other differences between the LOS model and our model. As we can see clearly
in the two maps, the Pedestrian LOS index for the selected area is relatively high while
the pedestrian friendliness index is very low. This difference can be explained by the
exclusion of pedestrian environmental factors from the pedestrian LOS calculation
process. Since Pedestrian LOS only considers the performance of road infrastructure, it
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fails to capture the attractiveness of areas to pedestrians. On the other hand, the
pedestrian friendliness index reflects the pedestrian environment as well as road
conditions and captures the characteristics of an area. In addition to exclusion of
environmental factors, static evaluation of the Pedestrian LOS model can be another
reason for different results between the two models. The Pedestrian LOS model is a
static model and applies same standard to every road without considering land use types
and density of an area where the roads are located.
After comparing these two methods, we could conclude that the Pedestrian LOS
model evaluates the perception of safety in terms of motorized traffic in a road segment
level. On the other hand, the pedestrian friendliness model captures the spatial pattern of
road environment with respect to the attractiveness of an area and the capacity of road
infrastructure. The Pedestrian LOS model is suitable for micro-level tasks, such as cross-
sectional road design, while the pedestrian friendliness model can aid in neighborhood
level planning issues. However, a micro-level LOS model needs neighborhood level
evaluation schemes to prioritize or simulate investment results, and the neighborhood
scale model requires micro scale evaluation for design detailed projects. Therefore, both
methods should be incorporated into one model to aid planners and developers.
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Figure 4.17 Pedestrian Level of Service
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Figure 4.18(a) Pedestrian Friendliness Index
(Dense Area - Back Bay/Beacon Hill)
Figure 4.18(b) Pedestrian Level of Service Index
(Dense Area - Back Bay/Beacon Hill)
Figure 4.18(c) Pedestrian Friendliness Index
(Low Density Area - Jamaica Plain)
Figure 4.18(d) Pedestrian Level of Service Index
(Low Density Area - Jamaica Plain)
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Chapter 5
Conclusion and Future Study
Pedestrian environment measuring models have been limited in dealing with
identifying and evaluating urban conditions, even though an emerging body of literature
suggests the pedestrian environment is one of the key factors for urban sustainability. For
one, conventional measuring models failed to measure the pedestrian environment of an
area accurately because the unit of analysis is either the individual road segment between
intersections, or municipal boundaries such as census blocks or town boundaries, neither
of which takes the surroundings into consideration. This limits the usefulness of
pedestrian environment measuring models for planning decision-support because they
only provide road-face specific information rather than the overall pedestrian condition of
an area. Furthermore, excluding the characteristics of places where the roads are located,
such as land use pattern and applying these models to places with different characteristics
for which the model is originally designed, may generate a false image of pedestrian
conditions of the area. Therefore, pedestrian environment measures have mainly been
used to aid cross-sectional design of pedestrian infrastructure but have not been
successfully incorporated into planning decision-support tools.
For that reason, this study proposed a systematic GIS model for measuring
pedestrian environment of an area using readily available data. The premise of this study
was that if the proposed method can capture the spatial pattern of the pedestrian
environment in a city, it could then be used to help planners and developers understand
the characteristics of communities and prioritize pedestrian improvement investment. To
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achieve the goal, the concept of pedestrianism in the most popular sustainable urban
development movements -- the New Urbanism, and the Transit Oriented Development -- ,
was selected and modeled using Geographic Information Systems (GIS) so that the model
can be used to systematically evaluate and visualize the performance of pedestrian
friendliness based on the standard described in the "Charter for New Urbanism".
Although not every pedestrian feature in the Charter was incorporated into the model, the
results suggest the proposed method can be used to perform in-depth analyses of
pedestrian environments of a city using data sources currently available in many
metropolitan areas.
One of the salient results of this study is that this method evaluated the pedestrian
environment of a place in conjunction with adjacent places within a certain distance. As
a result, it eliminates the problem of defining spatial areas and boundaries, which may
generate a false sense of precision by arbitrarily dissecting the urban pattern into zones.
Thus, the proposed model overcomes the boundary effects and evaluates the performance
of pedestrian infrastructure to identify areas of need and recognize spatial patterns of the
pedestrian environment of a city. It may therefore be incorporated into various urban
models and predict future trends or performance.
In truth, a place or a neighborhood is less likely to be isolated within boundaries
and more likely to overlap with and share other places. Although many sources describe
a sustainable neighborhood as a walkable place with clear boundaries, a variety of
housing options, and an identifiable neighborhood center at its core (Calthorpe, 1993), in
actuality many neighborhoods share their commercial districts, housing, and
neighborhood centers with adjacent communities because the scale and types of
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neighborhood centers vary and they provide different types of services (Calthorpe, 2001)
and because the boundaries of some neighborhoods are ill-defined and sometimes overlap
with other communities. Therefore, the characteristics of an area cannot be thoroughly
understood without considering its relationship with surrounding areas.
The other noticeable feature of this method is that the pedestrian environment is
examined in the context of place. Land use characteristics such as density are
incorporated in the pedestrian performance evaluation model, and different point systems
were applied to each zone in order to evaluate the pedestrian environment based on the
characteristics of the places in which the roads were located. The GIS-based model
identified neighborhood characteristics through spatial classification of land use
composition and density along with the pedestrian friendliness model of each zone. This
inclusion would reduce the bias caused by using the "one size fits all" pedestrian LOS
models.
This idea is similar to what Calthorpe (2001) describes as parallel design strategies
that exist for regions and neighborhoods. The author asserts despite differences in scale,
regions and neighborhoods can be designed similarly with different emphases. For
example, both neighborhoods and regions require centers, commercial districts, and
public spaces. On the other hand, a region requires economic diversity, while a
neighborhood needs housing diversity. Duany (2002) also emphasized the importance of
understanding the characteristics of places for sustainable development plans. He blamed
current zoning ordinances and sub-division regulations, asserting the human habitat
should be identified, defined and designed based on the characteristics of a place's ranges
from rural to urban.
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To the extent the results of this study holds, this research suggests some of the
factors that significantly affect pedestrians' decisions to walk, such as pedestrian
environment and pedestrian infrastructure, could be identified, evaluated, and visualized
using the GIS raster model. However, the measure provided here accounts for only some
of the factors affecting pedestrians' perception of friendliness. Many other factors that
also influence a pedestrian environment should be studied in the future. For example,
pedestrian policy was not included in these analyses. Not every factor that affects
pedestrian behavior has to be mentioned in the model. However, intervening variables
such as pedestrian policy, crash information and on-street parking should be considered
to produce reliable results.
Crossing information is another important factor for evaluating pedestrian
environment which has not yet been properly embedded. This is an inherent but
unavoidable shortcoming of using centerline road data. However, crossing information
combined with traffic volume and roadway width, is critical for determining pedestrian
environment because it is directly related to the pedestrians' perception of safety and
network connectivity. Therefore, incorporating crossing information into the pedestrian
environment measuring model is necessary to generate reliable results.
A simple linear point scale system is another critical drawback of this method that
should be addressed in future study. Many pedestrian variables, such as traffic volume,
sidewalk width, and roadway width, are related to and affect multiple factors. Sidewalk
width, for example, may influence not only capacity, but also safety and comfort. In
some cases, factors may play a positive and negative role at the same time (e.g., high
number of intersections may provide more crossing opportunities, which is considered
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pedestrian friendly, but may act as a barrier to pedestrians). Sidewalk width should be
evaluated in accordance with traffic volume and roadway width, and roadway width and
traffic volume should be examined concurrently. For example, it might be the ratio of
sidewalk and roadway width rather than a weighted sum that matters or roadway width
may matter only if the number of travel lanes are more than three with median to high
volume of traffic. Systematic efforts on the calibration of the pedestrian environment
scale are required to address these limitations.
In addition, no attempt was made to quantify expected pedestrian activity resulting
from investments. Performance measures, such as increases in the number of trips or
percentages of trips made on foot, will need to be developed in a more detailed planning
or implementation phase. The other extension would incorporate the measures developed
here with other measures of regional transportation models. More comprehensive data
for pedestrian potential and road condition would provide accurate estimations of travel
demand models, especially for trips that are not on foot.
This study has shown that the GIS model proposed here can play an important role
in sustainable design. The land use analysis model and pedestrian environment analysis
model proved to be powerful tools, as they accurately identified land use characteristics
and pedestrian friendliness of places using pre-existing land use data. The result of this
initial study is suitable not only for Boston, but any locale with a basic GIS and road
inventory database. The model provides a sound basis for the measurement of a
pedestrian environment as well as the opportunity to test the pedestrian environment; it
also determines which factors contribute to low and high degrees of pedestrian
friendliness.
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In addition, this paper demonstrates the usefulness and practicality of GIS and
information technology while posing fundamental questions regarding the importance of
screening, filtering, and reinterpreting administrative databases. Although many
administrative databases provide useful, fine-grained information about our
neighborhoods and communities, these are sometimes too detailed and complex to be
used without considerable data processing efforts.
The reliability of the results obtained through this method is limited by its inherent
problems. However, it is also true that this study presents a unique opportunity to
examine the pedestrian environment in conjunction with its surroundings. The
implications are that the models and data presented here are useful in shaping local policy
decisions and can contribute to a better understanding of pedestrian environments in the
city level. This understanding will aid planners in evaluating, designing, and
implementing pedestrian-friendly projects enhancing the sustainability of the urban
environment.
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Appendix
Land Use Classification and Description - Boston
ST CLASS 37 LUCODC ST CLASS DESCRIPTION 37 LU DESCRIPTION
010 RC CONDO MULTI-USE MIXED USE PROPERTY
012 RC RES/OPEN SPACE USE MIXED USE PROPERTY
013 RC RES/COMMERCIAL USE MIXED USE PROPERTY
019 RC RES/EXEMPT USE MIXED USE PROPERTY
025 RC RC:ONE RES UNIT MIXED USE PROPERTY
027 RC RC:THREE RES UNITS MIXED USE PROPERTY
031 RC COM/RES MULTI-USE MIXED USE PROPERTY
101 RI SINGLE FAM DWELLING SINGLE FAMILY DWELLING
102 CD RESIDENTIAL CONDO CONDOMINIUM
103 RI MOBILE HOME SINGLE FAMILY DWELLING
104 R2 TWO-FAM DWELLING TWO-FAM DWELLING
105 R3 THREE-FAM DWELLING THREE-FAM DWELLING
106 RL RES ANCILL IMPROVEMT RESIDENTIAL LAND
107 RL OTHER RESIDENTIAL RESIDENTIAL LAND
108 CP CONDO PARKING (RES) CONDOMINUM PARKING
109 R3 MULTIPLE BLDS/LOT THREE-FAM DWELLING
110 CD CONDO STORAGE (RES) CONDOMINIUM
111 R4 APT 4-6 UNITS APT 4-6 UNITS
112 A APT 7-30 UNITS APARTMENT PROPERTY
113 A APT 31-99 UNITS APARTMENT PROPERTY
114 A APT 100+ UNITS APARTMENT PROPERTY
115 A CO-OP APARTMENTS APARTMENT PROPERTY
116 RL SMALL PARKING GARAGE RESIDENTIAL LAND
118 A ELDERLY HOME APARTMENT PROPERTY
121 A ROOMING HOUSE APARTMENT PROPERTY
122 A FRATERNITY HOUSE APARTMENT PROPERTY
123 A RESIDENCE HALL APARTMENT PROPERTY
125 A SUBSD HOUSING S-8 APARTMENT PROPERTY
126 A SUBSD HOUSING S-231 D APARTMENT PROPERTY
127 A SUBSD HOUSING S-202 APARTMENT PROPERTY
130 RL RESIDENTIAL LAND RESIDENTIAL LAND
131 RL RES LAND (SECONDARY) RESIDENTIAL LAND
132 RL RES LAND (UNUSABLE) RESIDENTIAL LAND
140 A CHILD CARE FACILITY APARTMENT PROPERTY
202 RL UNDERWATER LAND RESIDENTIAL LAND
211 RL NON-PRODUCTIVE LAND RESIDENTIAL LAND
300 C HOTEL COMMERCIAL PROPERTY
301 C MOTEL COMMERCIAL PROPERTY
303 C PRIV CITY CLUB COMMERCIAL PROPERTY
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Land Use Classification and Description - Boston (Continue)
STCL S C E STCLASS DESCRIPTION 37 LU DESCRIPTION
305 C HOSPITAL: TAXABLE COMMERCIAL PROPERTY
306 C LABORATORY COMMERCIAL PROPERTY
307 C VETERINARY HOSPITAL COMMERCIAL PROPERTY
309 C MED CLINIC OUTPATIENT COMMERCIAL PROPERTY
310 C LAUNDRY OPERATION COMMERCIAL PROPERTY
311 C LAUNDROMAT/CLEANER COMMERCIAL PROPERTY
312 C MINI-STORAGE WHSE COMMERCIAL PROPERTY
313 C LUMBER YARD STORAGE COMMERCIAL PROPERTY
314 C TRUCK TERMINAL COMMERCIAL PROPERTY
315 C PIERS/DOCK COMMERCIAL PROPERTY
316 1 WAREHOUSE INDUSTRIAL PROPERTY
317 I STORAGE/GARAGE INDUSTRIAL PROPERTY
318 I COLD STORAGE WHSE INDUSTRIAL PROPERTY
319 C STRIP CENTER/STORES COMMERCIAL PROPERTY
320 C RETAIL/WHSL/SERVICE COMMERCIAL PROPERTY
321 C DISCOUNT STORE COMMERCIAL PROPERTY
322 C DEPT STORE COMMERCIAL PROPERTY
323 C SHOPPING CENTER COMMERCIAL PROPERTY
324 C SUPERMARKET COMMERCIAL PROPERTY
325 C RETAIL STORE DETACHED COMMERCIAL PROPERTY
326 C RESTRANT/SERVICE COMMERCIAL PROPERTY
327 C RESTRANT/LOUNGE COMMERCIAL PROPERTY
328 C FAST FOOD RESTAURANT COMMERCIAL PROPERTY
329 C BAR/TAVERN/PUB COMMERCIAL PROPERTY
330 C SHOWRROM (AUTO) COMMERCIAL PROPERTY
331 C AUTO SUPPLY/SERVICE COMMERCIAL PROPERTY
332 C REPAIR/SERV GARAGE COMMERCIAL PROPERTY
333 C SELF-SERV STATION COMMERCIAL PROPERTY
334 C SERVICE STATION COMMERCIAL PROPERTY
335 C CAR WASH:AUTOMATIC COMMERCIAL PROPERTY
336 C COM PARKING GARAGE COMMERCIAL PROPERTY
337 CL PARKING LOT CONDOMINIUM LAND
338 C SUBTERRANEAN GARAGE COMMERCIAL PROPERTY
339 C CAR WASH: SELF-SEVIC COMMERCIAL PROPERTY
340 C OFFICE (ATTACHED) COMMERCIAL PROPERTY
341 C BANK BUILDING COMMERCIAL PROPERTY
342 C MEDICAL BUILDING COMMERCIAL PROPERTY
343 C OFFICE 1-2 STORY COMMERCIAL PROPERTY
344 C OFFICE 3-9 STORY COMMERCIAL PROPERTY
345 C OFFICE: CLASS B COMMERCIAL PROPERTY
346 C OFFICE: CLASS B+ COMMERCIAL PROPERTY
347 C OFFICE: CLASS A- COMMERCIAL PROPERTY
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Land Use Classification and Description - Boston (Continue)
ST.CLASS 3 LSCLA CDE ST CLASS DESCRIPTION 37 LU DESCRIPTION
348 C OFFICE TOWER:CLASS A COMMERCIAL PROPERTY
350 C POST OFFICE COMMERCIAL PROPERTY
351 TRAINING/PRIV EDUC
353 C SOCIAL CLUB COMMERCIAL PROPERTY
354 C MAUSOLEUM COMMERCIAL PROPERTY
355 C FUNERAL HOME COMMERCIAL PROPERTY
356 CC COMM CONDO COMMERCIAL CONDO
357 CC RETAIL CONO COMMERCIAL CONDO
358 CC OFFICE CONDO COMMERCIAL CONDO
359 CC CONDO PARKING (COM) COMMERCIAL CONDO
360 C MUSEUM, GALLERY COMMERCIAL PROPERTY
361 C NIGHT CLUB COMMERCIAL PROPERTY
362 C MOVIE THEATER COMMERCIAL PROPERTY
363 C DRIVE-IN THEATER COMMERCIAL PROPERTY
364 C STAGE THEATER COMMERCIAL PROPERTY
365 C AUDITORIUM/SPORT CTR COMMERCIAL PROPERTY
366 C FIELDHOUSE/TRACK COMMERCIAL PROPERTY
367 C RACE TRACK COMMERCIAL PROPERTY
368 C FAIRGROUND, PARK COMMERCIAL PROPERTY
370 C BOWLING ALLEY COMMERCIAL PROPERTY
371 C ARENA: ICE SKATING COMMERCIAL PROPERTY
372 C ARENA: ROLLER SKATING COMMERCIAL PROPERTY
373 C SWIMMING POOL COMMERCIAL PROPERTY
374 C HEALTH SPA/CLUB COMMERCIAL PROPERTY
375 C TENNIS/RACQUET CLUB COMMERCIAL PROPERTY
376 C GYM/ATHLETIC FACILITY COMMERCIAL PROPERTY
377 C RECREATIONAL BLDG COMMERCIAL PROPERTY
380 C GOLF COURSE COMMERCIAL PROPERTY
381 C TENNIS COURT(S) COMMERCIAL PROPERTY
382 C STABLE, KENNEL COMMERCIAL PROPERTY
383 C SWIMMING POOL -OUTDR COMMERCIAL PROPERTY
384 C BOAT HOUSE/MARINA COMMERCIAL PROPERTY
385 C TAXABLE BLDG ONLY COMMERCIAL PROPERTY
386 C CAMPGROUND FACILITY COMMERCIAL PROPERTY
387 CL PAY PARKING LOT CONDOMINIUM LAND
388 C AIR RIGHTS PROPERTY COMMERCIAL PROPERTY
389 C BLDG: CHAP 61B LAND COMMERCIAL PROPERTY
390 CL COMMERCIAL LAND CONDOMINIUM LAND
391 CL COM LAND (SECONDARY) CONDOMINIUM LAND
392 CL COM LAND(UNUSABLE) CONDOMINIUM LAND
393 CL COM GREENHOUSE CONDOMINIUM LAND
394 CL UTILITY BLDG/SHED CONDOMINIUM LAND
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Land Use Classification and Description - Boston (Continue)
STCLASS C E STCLASS DESCRIPTION 37 LU DESCRIPTION
395 C AIR TERMINAL COMMERCIAL PROPERTY
396 C HANGAR:STORAGE, MAINT COMMERCIAL PROPERTY
397 C BUS TERMINAL COMMERCIAL PROPERTY
398 C RAILROAD TERMINAL COMMERCIAL PROPERTY
400 I OLD MANUFACTURING INDUSTRIAL PROPERTY
401 I WHSE:INDUSTRIAL INDUSTRIAL PROPERTY
402 I OFFICE:INDUSTRIAL INDUSTRIAL PROPERTY
403 1 NEW MANUFACTURING INDUSTRIAL PROPERTY
404 I LIGHT MFG/R&D INDUSTRIAL PROPERTY
405 I INDUSTRIAL LOFT INDUSTRIAL PROPERTY
406 1 COMPUTER EQUIP BLDG INDUSTRIAL PROPERTY
407 I MACHINE SHOP (SMALL) INDUSTRIAL PROPERTY
408 I NEWSPAPER PLAN INDUSTRIAL PROPERTY
410 I MINING. QUARRYING INDUSTRIAL PROPERTY
412 I METAL PROCESSING INDUSTRIAL PROPERTY
413 I AUTO SALVAGE YARD INDUSTRIAL PROPERTY
414 I FOOD PROCESS PLANT INDUSTRIAL PROPERTY
415 I BOTTLING PLANT INDUSTRIAL PROPERTY
416 I CANNERY INDUSTRIAL PROPERTY
417 I DAIRY INDUSTRIAL PROPERTY
420 I TANKS: ABOVE GROUND INDUSTRIAL PROPERTY
421 I TANKS: UNDER GROUND INDUSTRIAL PROPERTY
422 I ELEC POWER PLANT INDUSTRIAL PROPERTY
423 I ELEC TRANS ROW INDUSTRIAL PROPERTY
424 I ELEC SUBSTATION INDUSTRIAL PROPERTY
425 I GAS MANUFACTR PLANT INDUSTRIAL PROPERTY
426 I GAS PIPELINE ROW INDUSTRIAL PROPERTY
427 I GAS STORAGE INDUSTRIAL PROPERTY
428 I GAS PRESSURE STATION INDUSTRIAL PROPERTY
430 I TELEPH EXCHG STATN INDUSTRIAL PROPERTY
431 I TELEPH RELAY TOWER INDUSTRIAL PROPERTY
432 I CABLE TV FACILITY INDUSTRIAL PROPERTY
433 I RADIO/TV TRANS FACIL INDUSTRIAL PROPERTY
435 I RADIO/TV STUDIO INDUSTRIAL PROPERTY
436 I STUDIO/REMOTE CONTR INDUSTRIAL PROPERTY
440 CL INDUSTRIAL LAND CONDOMINIUM LAND
441 CL IND LAND (SECONDARY) CONDOMINIUM LAND
442 CL IND LAND (UNUSABLE) CONDOMINIUM LAND
445 I RAILROAD PROP INDUSTRIAL PROPERTY
446 I WATER/SEWER UTILITY INDUSTRIAL PROPERTY
450 1 INDUSTRIAL CONDO INDUSTRIAL PROPERTY
465 C COM BILLBOARD COMMERCIAL PROPERTY
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Land Use Classification and Description - Boston (Continue)
ST CLASS 37 E STCLASS DESCRIPTION 37 LU DESCRIPTION
900 E U.S.GOVERNMENT EXEMPT PROPERTY
901 E COMMONWEALTH OF MASS EXEMPT PROPERTY
902 E CITY OF BOSTON EXEMPT PROPERTY
903 E BOST REDEVELOP AUTH EXEMPT PROPERTY
904 E PRIV SCHOOL/COLLEGEE EXEMPT PROPERTY
905 E CHARITABLE ORGANIZTN EXEMPT PROPERTY
906 E RELIGIOUS ORGANIZTN EXEMPT PROPERTY
907 EA 121-A PROPERTY EXEMPT 121A-PROPERTY
908 E BOSTON HOUSING AUTH EXEMPT PROPERTY
950 E RETAIL CONDO: EXEMPT EXEMPT PROPERTY
960 E OFFICE CONDO: EXEMPT EXEMPT PROPERTY
965 E GOVT OFFICE BLDG EXEMPT PROPERTY
970 E CHURCH, SYNAGOGUE EXEMPT PROPERTY
971 E RECTORY, CONVENT EXEMPT PROPERTY
972 E CORRECTIONAL BLDG EXEMPT PROPERTY
973 E ADMINISTRATIVE BLDG EXEMPT PROPERTY
974 E FIRE STATION EXEMPT PROPERTY
975 E POLICE STATION EXEMPT PROPERTY
976 E SCHOOL EXEMPT PROPERTY
977 E COLLEGE (ACADEMIC) EXEMPT PROPERTY
978 E LIBRARY EXEMPT PROPERTY
979 E HOSPITAL (EXEMPT) EXEMPT PROPERTY
980 E WATER TREATMT PLANT EXEMPT PROPERTY
981 E INCINERATION PLANT EXEMPT PROPERTY
982 E AMORY (MILITARY) EXEMPT PROPERTY
983 E CEMETARY EXEMPT PROPERTY
984 E PUBLIC BEACH EXEMPT PROPERTY
985 E OTHER EXEMPT BLDG EXEMPT PROPERTY
986 E OTHER PUBLIC LAND EXEMPT PROPERTY
995 E CONDO MAIN (NO VALUE) EXEMPT PROPERTY
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